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(54) Image display device and driver circuit therefor 



(57) There is provided an image display device op- 
erating in response to the input of digital picture signals, 
in which the occupied area of a signal line driver circuit 
thereof is reduced, and the parasitic capacitance and 
resistance of input transmission lines of the digital pic- 
tureslgnais are reduced. The device Includes both a unit 
for directly Inputting the digital picture signals to shift 



registers and for perfomning series parallel conversion, 
and a unit for causing n (n is a natural number not less 
than 2) signal lines to Jointly own storage circuits and D/ 
A converter circuits in the signal line driver circuit. One 
horizontal scan period is divided into n periods, and the 
storage circuits and the D/A converter circuits perfomi 
a processing to signal lines different in each of the di- 
vided periods. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present Invention relates to an Image dis- 
play device to which a digital picture signal is Inputted 
and a driver circuit therefore. More particularty, the 
present invention Is directed to a driver circuit for an im- 
age display device In which an occupied area of the driv- 
er circuit Is reduced, and further, the delay of a digital 
picture signal to be inputted and the wavefomi distortion 
thereof are reduced. 

2. Description of the Related Art 

[0002] In recent years, an Image display device In 
which semiconductor thin films are fomted on a glass 
substrate, in particular an active matrix image display 
device using thin film transistors (hereinafter referred to 
as TFTs) has come into wide use. The active matrix Im- 
age display device (hereinafter referred to as Image dis- 
play device) using the TFTs includes hundreds of thou- 
sand to several million TFTs an'anged in a matrix fomi, 
which control electric charges of respective pixels. 
[0003] Further, as a recent technique, a polysiilcon 
TFTtechnlque forslmultaneousiy forming adriver circuit 
by using TFTs at the outside of a pixel an-ay portion, In 
addition to pixel TFTs constituting pixels, has been de- 
veloped. 

[0004] Besides, as the driver circuit, not only one for 
processing an analog picture signal but also one for 
processing a digital picture signal Is realized. 
[0005] FIG. 25 shows a stmctural example of an ac- 
tive matrix type liquid crystal display device as one of 
thelmagedisplay device. As shown In FIG. 25. this liquid 
crystal display device Is constituted by a signal line driv- 
er circuit 1 01 , a scan line driver circuit 1 02, a pixel array 
portion 103, signal lines 104, scan lines 105, pixel TFTs 
1 06. liquid crystals 1 07, and the like. 
[0006] FIG. 26 Is a viewfor explaining In detail a struc- 
ture of a conventional (digital system) signal line driver 
circuit for processing a digital picture signal. FIG. 27 Is 
a timing chart corresponding to FIG. 26. Here, an exam- 
ple of an Image display device having k (horizontal) x 
e (vertical) pixels will be described. Although a case 
where a digital pteture signal has three bits Is exempli- 
fied for facilitating the explanation, the number of bits In 
an actual Image display device Is not limited to 3. Be- 
sides. FIGS. 26 and 27 shows a spedfte example of k 
= 640. 

[0007] The conventional signal line driver circuit has 
the following structure. This is constituted by a shift reg- 
ister to which a clock signal (CLK) and a start pulse are 
Inputted and whteh sequentially shifts the pulse, first 
storage circuits (UVT 1) for sequentially storing digital 
picture signals by the output of the shift register, second 



storage circuits (LAT 2) for storing the outputs of the first 
storage circuits In accordance with input of a latch signal 
(LP), and D/A converter circuits (DAG) for converting the 
outputs of the second storage circuits Into analog sig- 

5 nals. Here, a latch circuit is used for the storage circuit. 
[0008] The number of shift register stages (con^e- 
sponding to the number of DFFs shown in FIG. 26) be- 
comes k + 1 . Output signals of the shift register become 
control signals (SR-001 to SR-640) of the first storage 

10 circuits (LAT 1 ) directly or through buffers. The first stor- 
age circuits (LAT 1) store digital picture signals (DO to 
D2) In accordance with the output timing of the control 
signals. Here, as the first storage circuits (LAT 1), 3 
(number of bits) x k (number of horizontal signal lines) 

IS circuits become necessary. Also as the second storage 
circuits (LAT 2), 3 x k circuits become necessaiy. 
[0009] The clock signal (CLK) for the shift register, the 
start pulse (SP), the digital picture signals (DO to D2), 
and the latch signal (LP) are Inputted to the signal line 

20 driver circuit. First, the start pulse (SP) and the clock 
signal (CLK) are inputted to the shift register, and the 
pulse Is sequentially shifted. Outputs (SR-001 to SR- 
640 in FIG. 26) of the shift register become, as shown 
In FIG. 27, pulses in which the dock signal (CLK) is shlft- 

25 ed by the period. The first storage circuits (LAT 1 ) are 
operated by the output signals of the shift register, and 
store the digital picture signals inputted at that time. The 
pulse of the shift register is shifted for one line, so that 
the digital pk^ure signals of the one line are stored in 

30 the first storage circuits (LAT 1). (LI -001 to L1-640 in 
FIG. 26, however, for simplification, they are collectively 
shown without discriminating the bits). 
[0010] Next, the latch signal (LP) Is Inputted in a hor- 
izontal retrace period. By this latch signal, the second 

35 storage circuits (LAT 2) operate, and the picture signals 
(LI -001 to LI -640 in FIGS. 26 and 27) stored in the first 
storage circuits (LAT 1 ) are stored In the second storage 
circuits (LAT 2). When the horizontal retrace period is 
completed and a next horizontal scan period starts, the 

40 shift register again starts the operation. On the other 
hand, the digital picture signals (L2-001 to L2-640 In 
FIGS. 26 and 27. however, for simplification, they are 
collectively shown without discriminating the bits) stored 
In the second storage circuits (LAT 2) are converted Into 

45 analog signals by the D/A converter circuits (DAC). The 
analog signals are transmitted to the signal lines (S001 
to S640 In FIG. 26), and are further written into the cor- 
responding pixels through the pixel TFTs which are 
switched on by the scan line driver circuit. 

50 [001 1 ] By the above operation, the Image display de- 
vice writes the picture signals into the pixels and canies 
out a display. 

[001 2] As compared with an anatog system , the digital 
system driver circuit as described above has a defect 
55 that its occupied area is very large. Although the digital 
system has a merit that a signal can be expressed by 
two values of "HI" and "Lo", the amount of data becomes 
large Instead, and It becomes a serious obstacle from 
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the viewpoint of miniaturization in constructing the im- 
age display device. The increase in area of the Image 
display device has problems that the Increase In Its man- 
ufacturing costs is caused and the profit of a manufac- 
turing company is made worse, 
[0013] Besides, as the amount of infomnation to be 
treated rapidly increases In recent years, an attempt to 
Increase the number of pixels and to Improve the defi- 
nition of pixels has been made. However, as the number 
of pixels is increased, the driver circuit is also enlarged, 
and It Is desired that the area of the driver circuit is fur- 
ther reduced. 

[001 4] Here, examples of generally used display res- 
olution of a computer are set forth below with the number 
of pixels and standard name. 



number of pixels 


standard name 


640 x 480 


VGA 


800 X 600 


SVGA 


1024X768 


XGA 


1280 X 1024 


SXGA 


1600 X 1200 


UXGA 



[0015] For example, in the case where the SXGA 
standard Is cited as an example, when the number of 
bits is 8. 1 0240 first storage circuits. 1 0240 second stor- 
age circuits, and 10240 D/A converter circuits become 
necessary in the foregoing conventional driver circuit for 
1280 signal lines. Besides, a high definition television 
receiver such as a high vision TV (HDTV) becomes pop- 
ular, and a high definition image becomes necessary for 
not only the field of a computer but also the field of an 
Audio and Visual. In USA. ground wave digital broad- 
casting starts, and also in Japan, the age of digital 
broadcasting starts. In the digital broadcasting, the 
number of pixels of 1920 x 1080 is dominant, and 
prompt reduction in the area occupied by the driver cir- 
cuit is demanded. 

[001 6] On the other hand, as shown In FIG. 26 as well, 
in the conventional digital system driver circuit, since it 
is necessary that signal transmission lines for supplying 
the digital picture signals (DO to D2) are connected to 
all the first storage circuits (LAT 1), the extension of the 
wiring becomes very long. As a result, a load to the sig- 
nal transmission line, such as load capacitance or re- 
sistance, becomes large, and the delay of the digital pic- 
ture signal and the wavefomn distortion become large. 
This tendency becomes remaricable when the number 
of pixels increases, and there occurs a problem that a 
display based on accurate digital picture signals be- 
comes difficult. 

SUMMARY OF THE INVENTION 

[0017] Then, for the purpose of solving the foregoing 
problems, the present invention has an objectto provide 
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a technique for reducing an occupied area of a signal 
line driver circuit and further to reduce the delay of a 
digital picture signal and the waveform distortion there- 
of. 

5 [001 8] Storage circuits and D/A converter circuits in a 
signal line driver circuit are jointly owned by n (n is a 
natural number not less than 2) signal lines, respective- 
ly. One horizontal scan period is divided into n periods, 
and the storage circuits and the D/A converter circuits 

10 perfomn a processing to the different signal lines in the 
divided respective periods, so that ail the signal lines 
can be driven equally to the related art. In this way, it 
becomes possible to decrease the number of the stor- 
age circuits and that of the D/A converter circuits in the 

15 signal line driver circuit to 1/n of that of the related art. 
Incidentally, in the present specification, to perfomri a 
suitable processing to the signal line or the scan line for 
displaying an image is expressed by "to drive the signal 
line" or "to drive the scan line". 

20 [001 9] The digital picture signal is directly inputted to 
a shift register and is sequentially shifted in the shift reg- 
ister, and when It reaches a desired position, input of a 
clock signal is stopped to cease shifting the signal, and 
the signal Is held at that position. A latch signal is input- 

25 ted before the input of a next digital picture signal and 
a clock signal starts, so that the signal held in the shift 
register Is transf en^ed to the storage circuit, and whereby 
an operation equal to that up to the second storage cir- 
cuit of the related art can be perfomied. Like this, by 

30 directly inputting the digital picture signal to the shift reg- 
ister, the signal transmission line for supplying the digital 
picture signal Is shortened and the number of gates to 
be connected becomes several from several thousand, 
so that the gate capacitance becomes dramatically 

35 small, and it becomes possible to decrease the resist- 
ance and load capacitance of the signal transmission 
line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0020] In the accompanying drawings: 

FIG. 1 is a view showing a structural example of a 
signal line driver circuit of a mode of canying out 

45 the invention; 

FIG. 2 is a view showing operation timing of the sig- 
nal line driver circuit of FIG. 1 ; 
FIG. 3 is a view showing a structure of a signal line 
driver circuit of embodiment 1 ; 

50 FIG. 4 is a view showing operation timing of the sig- 
nal line driver circuit of FIG. 3; 
FIGS. 5A to 5C are views showing examples of latch 
circuits; 

FIG. 6 is a view showing a structure of a signal line 
55 driver circuit of embodiment 2; 

FIG. 7 Is a view showing operation timing of the driv- 
er circuit of FIG. 6; 

FIG. 8 is a view showing a structure of a bit com- 
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parlson pulse width converter circuit (BPC); 
FIG. 9 is a viewfor explaining an operation of a lamp 
system D/A converter circuit; 
FIG. 1 0 is a view showing a structure of a signal line 
driver circuit of embodiment 3; ^ 
FIG. 11 is a view showing operation timing of the 
driver circuit of FIG. 10; 

FIGS. 1 2A to 1 2C are sectional views showing fab- 
ricating steps of TFTs: 

FiGS. 1 3 A to 1 3C are sectional views showing fab- io 
ricating steps of the TFTs; 
FIG. 14 is a sectional view of an active matrix sub- 
strate; 

FIG. 15 is a view showing a sectional structure of 

an active matrix type liquid crystal display device; is 

FIGS. 1 6A and 1 6B are views showing a fabrication 

example of an EL display device; 

FIGS. 1 7A and 1 7B are views showing a fabrication 

example of an EL display device; 

FIG. 1 8 is a view showing a fabrication example of 

an EL display device; 

FiGS. 1 9 A and 1 9B are views showing a fabrication 
example of an EL display device; 
FIG. 20 is a view showing a fabrication exannple of 
an EL display device; 

FIGS. 21 A to 21 C are views showing fabrication ex- 
amples of EL display devices; 
FIGS. 22A to 22F are views showing examples of 
electronic instruments using the present invention; 
FIGS. 23A to 23D are viev^ showing examples of 30 
electronic instruments using the present Invention; 
FIGS. 24A to 24D are views showing structures of 
projection type liquid crystal display devices; 
FIG. 25 is a structural view of an active matrix type 
liquid crystal display device; ^5 
FIG. 26 Is a structural view of a conventional digital 
system signal line driver circuit; and 
FIG. 27 is a view showing timing chart of the con- 
ventional digital system signal line driver circuit. 

40 

DETAILED DESCRIPTION OF THE INVENTION 

[0021] Here, an Image display device in which the 
number of pixels in the horizontal direction and that in 
the vertical direction are made k and €, will be described ^ 
as an example. In tills mode of canning the Invention, 
although the description will be made on the assumption 
that a digital picture signal has 3 bits, the present inven- 
tion is not limited to 3 bits, but is also effective for 6 bits, 
8 bits, or the number of bits ottier than those. Besides, so 
in the following description, although n is used as a pa- 
rameter indicating how many signal lines are driven by 
one D/A converter circuit, when tiie number k of pixels 
In the horizontal direction is not a multiple of n, a multiple 
of n obtained by adding a suitable number to k Is newly S5 
defined as k. In tills case, If the added pixel Is treated 
as an Imaginary one, any trouble does not occur in an 
actual operatton. 
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[0022] Hereinafter, the structure of this mode will be 
described, and next, ttie operation of this mode will be 
described. FIG. 1 shows an example of asignal line driv- 
er circuit of this mode, and FIG. 2 shows Its operation 
timing. FIGS. 1 and 2 show a specific example of k = 
640. Hereinafter, although characters such as k are 
used as a general explanation, a specific number cor- 
responding to FIGS. 1 and 2 is indk:ated in brackets "[ ] 
Incidentally, the structure of a scan line driver circuit 
and the structure of a pixel array portion are the same 
as the related art. 

[0023] The signal line driver circuit of this mode in- 
cludes three shift registers (first to third shift registers) 
comprised of delay type flip-flops (DFF), storage circuits 
(LAT), D/A converter circuits (DAC), and signal line se- 
lecting circuits 10a. In tiie related art, although a start 
pulse is inputted to the shift register. In ttiis mode, a dig- 
ital picture signal, not the start pulse, is inputted to the 
shift register. Besides, a latch signal (LP) is inputted to 
the respective storage circuits (LAT). Each of the D/A 
converter circuits (DAC) drives n signal lines, and the 
output of the D/A converter circuit is written Into a suit- 
able signal line by the signal line selecting circuit 10a. 
In FIGS. 1 and 2, a specifte example of n = 4 Is shown. 
[0024] As is understood from FIG. 1 , there are 3 x 
((k/n) + 1) stage [i.e. 483 stage] DFFs, 3k/n p.e. 480] 
storage circuits (LAT), and k/n [i.e. 160] D/A converter 
circuits (DAC). 

[0025] Next, the operation will be described with ref- 
erence to FIG. 2. Digital picture signals (DO to D2) of 
different bits and a clock signal (CLK) are inputted to the 
respective shift registers. The digital picture signals cor- 
responding to all signal lines of one row are sequentially 
inputted in one horizontal scan period with the lapse of 
time. Thus, the signals DO, D1 and D2 are respectively 
constituted by digital picture signals con-esponding to 
the respective signal lines. The arrangement order of 
the digital picture signals inputted in one horizontal scan 
period witii the lapse of time Is different from tiie related 
art, and when It Is expressed by the numbers of the cor- 
responding signal lines. It becomes ^ (k - n + 1 , k - 2n + 
1 , n + 1 , 1 ), (k - n + 2, k - 2n + 2, n + 2, 2) , (k - n 
+ 3, k - 2n + 3, n + 3, 3)„)k, (k, k - 2n, 2n, n) 
4l.e. (637, 633, 5, 1), (838, 634. 6, 2), (639. 635. 

7, 3), (640, 636, 8, 4)]. Here, the parenttises "( ) 
" express a subgroup. The respective shift registers se- 
quentially shift the inputted digital picture signals in syn- 
chronization with the clock signal (CLK) [ttiey are indi- 
cated by SR 001 to SR-160]. 
[0026] The latch signal (LP) is inputted n times to the 
storage circuits (LAT) in one horizontal scan period. In 
tills embodiment, the latch signal is Inputted at the fol- 
towlng timing. 

[0027] First, when the digital picture signal conB- 
sponding to the number k - n + 1 [i.e. 637] of the signal 
line in first subgroup is outputted from the (k/n)th stage 
p.e. 160tii stage] DFF, the clock signal is temporarily 
stopped, and tiie outputs from the respective DFFs are 
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fixed. At this time, the first latch signal (LP) is Inputted, 
and the outputs of the respective DFFs of the shift reg- 
isters are stored In the respective storage circuits (LAT). 
In this operation, the digital picture signals corespond- 
ing to the numbers '~1,n + 1,2n + 1,»^, k-n + \J[\.e, 
1 , 5. 9, 637J of the signal lines are transferred to 
the storage circuits (LAT). 

[0028] Thereafter, the digital picture signals of the 
second subgroup and the clock signal are inputted, and 
when the digital ptoture signal con-espondlng to the 
number k - n -i- 2 [i.e. 638] of the signal line is outputted 
from the (k/n)th stage [i.e. 160th stage] OFF, the dock 
signal Is temporarily stopped and the outputs from the 
respective DFFs are fixed. At this time, the second latch 
signal (LP) Is Inputted, and the outputs of the respective 
DFFs of the shift registers are stored in the respective 
storage circuits (LAT). By this operation, the digital pte- 
ture signals corresponding to the numbers 2, n + 2, 2n 
+ 2, k - n + 2J[l.e. 2, 6, 10, 638J] of the signal 
lines are transfen^ed to the storage circuits (LAT). 
[0029] Hereinafter, the same operation Is repealed, 
and when the digital picture signal corresponding to the 
number k [i.e. 640J of the signal line in the final nth sub- 
group is outputted from the (k/n)th stage [\.e. 160th 
stage] DFF, the clock signal is temporarily stopped and 
the outputs from the respective DFFs are fixed. At this 
time, the nth [I.e. fourth] latch signal (LP) Is inputted, and 
the outputs of the respective DFFs of the shift registers 
are stored In the respective storage circuits (LAT). By 
this operation, the digital ptoture signals con-esponding 
to the numbers ^ n, 2n, 3n. kJ [I.e. ^ 4, 8, 12, 
640J1 of the signal lines are transferred to the storage 
circuits (LAT). 

[0030] By the input of the latch signals (LP) as de- 
scribed above, all the digital pcture signals for one row 
of the signal lines are transf ened to the storage circuits 
(LAT). 

[0031] The outputs of the storage circuits (LAT) are 
Inputted to the D/A converter circuits, and the 3-blt dig- 
ital signals are converted Into analog signals. The con- 
verted analog signals are written into the suitable signal 
lines through the signal line selecting circuits 10a. This 
writing timing will be described below. 
[0032] As set forth above, the storage circuits also re- 
peat the storage operation n times in one horizontal 
scan period. Thus, In the period when the digital pteture 
signals corresponding to certain signal lines are stored 
in the storage circuits (LAT), the signal lines must be 
selected and writing must be completed. 
[0033] First, in the period when the digital picture sig- 
nals con'esponding to the numbers 1 , n + 1 , 2n + 1 , 
k - n + lJ[i.e. 1 , 5. 9. 637J(1 of the signal lines 
as the first subgroup are stored in the storage circuits 
(LAT), the first control signal (SS1) Is Inputted, and the 
respective signal line selecting circuits 10a select the 
signal lines of the numbers 1 , n + 1 , 2n + 1 , •m, k - n 
+ 1j(l.e.r 1.5, 9,*^, 6374 

[0034] Next, the data In the storage circuits (LAT por- 



tion) is cleared, and in the period when the digital picture 
signals corresponding to the numbers 2. n + 2. 2n + 
2, k - n + 2J(i.e. ''2.6,1 0. •m. 638J] of the signal lines 
as the second subgroup are stored in the storage dr- 

5 cuits (LAT), the second control signal (SS2) is Inputted, 
and the respective signal line selecting circuits 10a se- 
lect the signal lines of the numbers 2, n + 2, 2n + 2, 

k - n + 2Ji.e. ^ 2. 6, 10. 6384. 
[0035] in general, when i Is a natural number, in the 

10 period when the digital picture signals corresponding to 
the numbers i, n + i, 2n + i, k - n + U of the signal 
lines as ttie Ith subgroup are stored in the storage cir- 
cuits (l-AT), the ith control signal (SSi) Is inputted, and 
the respective signal line selecting circuits 10a select 

15 the signal lines of the nunnbers i, n + 1, 2n + 1, k - n 
+ ii 

[0036] In this way. the control signal pulse is Inputted 
n times in one horizontal scan period to the signal line 
selecting circuits 10a, so that It becomes possible to 

20 write the outputs of the D/A converter drcuits Into the 
' suitable signal lines. 

[0037] Incidentally, a buffer circuit, a level shift circuit, 
an enable circuit for limiting an output period, or the like 
may be inserted between the output of the storage cir- 

25 cult (LAT) and the D/A converter circuit Besides, the in- 
put arrangement order ofthe digital picture signals is not 
limited to the above order. This arrangement order Is de- 
termined by an operation method of the signal line se- 
lecting circuits, an operation direction of the shift regls- 

30 ters (Input connection positions of the digital pteture sig- 
nals), or the like. 

[0038] Although this mode of the invention shows the 
case where ttie 3-bit digital picture signal Is inputted 
without division, the digital picture signal to be inputted 

35 may be divided to lower the operation frequency of the 
shift register. In this case, signal transmission lines for 
3 bits X division number in total are put. and shift reg- 
isters, the number of whk:h is equal to that, becomes 
necessary. Incidentally, the number of DFFs contained 

40 In the respective shift registers is decreased come- 
spondingly to the division number. 
[0039] In the above mode of the invention, a lamp type 
D/A converter circuit may be used as the D/A converter 
drcult. in that case, the number of the D/A converter 

45 circuits is not limited to k/n. 

[Enribodlment 1] 

[0040] In this embodiment, an image display devtee 
50 of the XGA standard in which the number of pixels in the 
horizontal direction Is 1024 and the number of pixels In 
the vertical direction Is 768, will be described. In this em- 
bodiment, although the description will be made on the 
assumption that a digital pteture signal has 3 bits, the 
55 present invention is not limited to 3 bits, but is also ef- 
fective for 6 bits, 8 bits, or a bit number other than ttiose. 
Besides, a case where one D/A converter circuit drives 
four signal lines will be exemplified. 
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[0041] Hereinafter, the structure of this embodiment 
will be described, and next, the operation of this embod- 
iment will be described. 

[0042] FiG. 3 shows a signal line driver circu it accord- 
ing to this embodiment. Since the structure of a scan 
line driver circuit and the structure of a pixel array portion 
are the same as the related art, their explanation is omit- 
ted. The signal line driver circuit of this embodiment in- 
cludes three shift registers (first to third shift registers) 
each comprised of 257 stage DFFs, 256 x 3 (number 
of bits) storage circuits (i-AT). 256 D/A converter circuits, 
and 256 signal line selecting circuits 10b. 
[0043] Although a clock signal (CLK) is Inputted to the 
respective shift registers in common, a digital picture 
signal (DO) of a first bit is Inputted to the first shift reg- 
ister, a digital picture signal (D 1 ) of a second bit is in- 
putted to the second shift register, and a digital picture 
signal (D2) of a third bit is inputted to the third shift reg- 
ister. A latch signal (LP) is inputted to the storage circuits 
(U\T), and fourcontrol signals (SS1 to SS4) are Inputted 
to the signal line selecting circuits 10b. Incidentally, in 
this embodiment, differently from the case of FIG. 1 , sig- 
nal transmission lines for supplying the digital picture 
signals are put on the right side of the signal line driver 
circuit. 

[0044] Next, the operation will be described with ref- 
erence to FIG. 4. The corresponding digital picture sig- 
nals (Dl (I = 0 to 2)) and the clock signal (CLK) are In- 
putted to the respective shift registers. The respective 
shift registers sequentially shift the Inputted digital pic- 
ture signals (Di) from the right to the left. This state is 
indicated by SR-256, SR-255, SR-001 in FIG. 4. 
When the arrangement order of the digital picture sig- 
nals inputted with the lapse of time is expressed by the 
numbers of the con-esponding signal lines, it becomes 
r (1 , 5. 1 01 7, 1 021 ), (2, 6, 1 01 8, 1 022), (3, 5, 
1019, 1023), (4, 8. 1020, 1024)]. Here, the brackets 
"0" express a subgroup. In this embodiment, differently 
from FIG. 1 , since the digital picture signals are shifted 
from the right to the left, the anBngement order of the 
picture signals Is also different from that shown in FIG. 
2, and it becomes ascending order in the subgroup. 
[0045] The latch signal (LP) to be inputted to the stor- 
age circuit (LAT) portion Is inputted four times in one hor- 
izontal scan period. In this embodiment, the latch signal 
Is inputted at the foHowIng timing. 
[0046] First, in the first subgroup, when the digital pte- 
ture signal con'esponding to the number U of the sig- 
nal line is outputted from the first stage DFF (In FIG. 3, 
the leftmost DFF Is made a zero-th stage one), the clock 
signal Is temporarily stopped, and the outputs from the 
respective DFFs are fixed. At this time, the first latch 
signal (LP) is Inputted, and the outputs of the respective 
DFFs of the shift registers are stored in the respective 
storage circuits (LAT). By this operation, the digital pic- 
ture signals corresponding to the numbers '* 1 , 5, 
1017, 1021J of the signal lines are transferred to the 
storage circuits (LAT), and at the same time, those sig- 



nals are outputted to the D/A converter circuits. 
[0047] Thereafter, the digital pk:ture signals of the 
second subgroup and the clock signal are inputted, and 
when the digital picture signal corresponding to the 

5 number ^ 2J of the signal line is outputted from the first 
stage DFF, the clock signal is temporarily stopped and 
the outputs from the respective DFFs are fixed. At this 
time, the second latch signal (LP) is Inputted, and the 
outputs of the respective DFFs of the shift registers are 

10 stored in the respective storage circuits (LAT). By this 
operation, the digital picture signals coresponding to 
the numbers 2, 6, •m, 1018, 1022J of the signal lines 
are transfen-ed to the storage circuits (LAT), and at the 
same time, those signals are outputted to the D/A con- 

15 verter circuits. 

[0048] Next, the digital picture signals of the third sub- 
group and the clock signal are inputted, and when the 
digital picture signal con'esponding to the number 3J 
of the signal line is outputted from the first stage DFF, 

20 the clock signal is temporarily stopped and the outputs 
from the respective DFFs are fixed. At this time, the third 
latch signal (LP) is inputted, and the outputs of the re- 
spective DFFs of the shift registers are stored in the re- 
spective storage circuits (LAT). By this operation, the 

25 digital pteture signals con'esponding to the numbers 3. 
7, 101 9, 1 023J of the signal lines are transferred to 
the storage circuits (LAT), and at the same time, those 
signals are outputted to the D/A converter circuits. 
[0049] Finally, the digital picture signals of the fourth 

30 subgroup and the clock signals are Inputted, and when 
the digital picture signal con'esponding to the number 
i~ 4J of the signal line is outputted from the first stage 
DFF, the clock signal is temporarily stopped and the out- 
puts from the respective D FFs are fixed. At this time, the 

35 fourth latch signal (LP) is inputted, and the outputs of 
the respective DFFs of the shift registers are stored in 
the respective storage circuits (LAT). By this operation, 
the digital pkrture signals oonnesponding to the numbers 
r 4^ 8, •M, 1020. 102Jof the signal lines are transferred 

40 to the storage circuits (LAT), and at the same time, those 
signals are outputted to the D/A converter circuits. 
[0050] By the input of the latch signals as described 
above, all the digital picture signals for one row of the 
signal lines are transfen-ed to the storage circuits (LAT). 

45 [0051] The 3-bit digital signals inputted to the D/A 
converter circuits are converted into analog signals. The 
converted analog signals are written into the suitable 
signal lines through the signal line selecting circuits 1 0b. 
Hereinafter, this writing timing will be described. 

50 [0052] The storage circuits (LAT) repeat the storing 
operation four times in one horizontal scan period. Thus, 
in the period when the digital picture signals correspond- 
ing to certain signal lines are stored In the storage cir- 
cuits (LAT). the con-esponding signal lines must be se- 

55 lected and writing must be completed. 

[0053] First, In the period when the digital picture sig- 
nals corresponding to the numbers Jl, 5, 1017, 
1 021J of the signal lines as the first subgroup are stored 
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in the storage circuits (LAT), the first control signal (SS1 ) 
is inputted, and the respective signal line selecting cir- 
cuits 10b select the signal lines of the numbers ^ 1 . 5. 
— . 1017, 10211 

[0054] Next, in the period when the digital picture sig- 
nals corresponding to the numbers 2, 6, 1018, 
1022J of the signal lines as the second subgroup are 
stored in the storage circuits (LAT), the second control 
signal {SS2) is inputted, and the respective signal line 
selecting circuits 1 0b select the signal lines of the num- 
bers ''2, 6, 1018, 1022J. 

[0055] Further, in the period when the digital picture 
signals corresponding to the numbers 3, 7, 1019, 
1 023J of the signal lines as the third subgroup are stored 
In the storage circuits (LAT), the third control signal 
(SS3) is inputted, and the respective signal line select- 
ing circuits 10b select the signal lines of the numbers 
rs, 7, •^,1019,10231 

[0056] Finally, in the period when the digital picture 
signals corresponding to the numbers 4, 8, 1020, 
1024J of the signal lines as the fourth subgroup are 
stored in the storage circuits (LAT), the fourth control 
signal (SS4) is Inputted, and the respective signal line 
selecting circuits 1 0b select the signal lines of the num- 
bers '"4, 8. •••,1020,10241 
[0057] In this way, by inputting the control pulse four 
times to the signal line selecting circuits 1 0b In one hor- 
izontal scan period, it becomes possible to write the out- 
puts of the D/A converter circuits Into the suitable signal 
lines. 

[0058] Incidentally, a buffer circuit, a level shift circuit, 
an enable circuit for limiting an output period, or the like 
may be inserted between the output of the storage cir- 
cuit (LAT) and the D/A converter circuit Besides, the in- 
put arrangement order of the digital picture signals Is not 
limited to the above order This arrangement order is de- 
temiined by an operation method of the signal line se- 
lecting circuits, an operation direction of the shift regis- 
ters (input connection positions of the digital picture sig- 
nals), or the like. For example. It is already mentioned 
that the arrangement order of the signals in the sub- 
group Is reversed according to whether the digital pk;- 
ture signals are inputted to the right of the signal line 
driver circuit or the left thereof. Besides, in the above, 
in the case where the timing when the pulse of the first 
control signal (SSI) of the signal line selecting circuits 
10b is inputted is exchanged for the timing when the 
pulse of the fourth control signal {SS4) is inputted, the 
input an^ngement order ofthe digital picture signals is 
also changed such that the first subgroup is exchanged 
for the fourth subgroup. 

[0059] Specific examples of the storage circuit are 
shown in FIGS. 5A to 5C. FIG. 5A shows one using a 
clocked Inverter, FIG. 58 shows an SRAM type one, and 
FIG. 50 shows a DRAM type one. These are typical ex- 
amples, and the present invention is not limited to these 
types. 

[0060] As described above, in the present invention. 



although the number of the shift registers is increased, 
it Is possible to drive the image display device by the 
shift registers each made of circuits, the number of 
which is 1/4 of the related art, the storage circuits, the 

5 number of which is 1/8 of the related art, and the D/A 
converter circuits, the number of whteh is 1/4 of the re- 
lated art, and It becomes possible to greatly reduce the 
occupied area of the driver circuit and the number of el- 
ements. Besides, since the digital picture signal is di- 

10 rectly Inputted to the shift register, it becomes possible 
to shorten the signal transmission line for supplying the 
digital picture signal, to make connected gate capaci- 
tance dramatically small, and to decrease the resistance 
and load capacitance of the signal transmission line. 

15 

[Embodiment 2] 

[0061] In this embodiment, an example of a case 
where a lamp system D/A converter circuit is adopted 

20 for a D/A converter circuit, will be described. FIG. 6 is a 
schematic view of a signal line driver circuit in the case 
where the lamp system D/A converter circuit is used. 
Incidentally, also in this embodiment, although the de- 
scription will be made on a case con-esponding to the 

25 image display device of the XGA standard and a 3-bit 
digital picture signal, the present invention is not limited 
to the 3 bits, but is also effective for a case correspond- 
ing to another bit number or the image display device of 
a standard other than the XGA. 

30 [0062] The structure and operation of the embodi- 
ment will hereinafter be described. 
[0063] In this embodiment, the structure from shift 
registers to storage circuits (LAT) is the same as the em- 
bodiment 1 . At the downstream of the storage circuits, 

35 there are provkied bit comparison pulse width converter 
circuits (BPC). analog switches 20. and signal line se- 
lecting circuits 10c. The 3-bit digital picture signals 
stored In the storage circuits (LAT), count signals (CO to 
C2), and a set signal (ST) are inputted to the bit com- 

40 parison pulse width converter circuits (BPC). Outputs 
(PW-i. 1 is 001 to 256) of the bit comparison pulse width 
converter circuits and a gradation power supply (VR) are 
Inputted to the analog switches 20. Outputs of the ana- 
log switches 20 and control signals (SSI to SS4) are 

45 inputted to the signal line selecting circuits 1 0c. 

[0064] A structural example ofthe bit comparison 
pulse width converter circuit (BPC) of an ith stage from 
the left In FIG. 6 is shown in FIG. 8. The BPC includes 
a 3-input N/MMD gate, an inverter, and a set reset fllp- 

50 flop (RS-FF). In FIG. 8. the outputs of the ith stage stor- 
age circuit (LAT) are expressed by 1-1(0), L-l(1). and L- 
i(2) for discriminating bits. 

[0065] Next, the operation of this embodiment will be 
described. FIG. 7 shows the operation timing of a signal 
55 system necessary for understanding the circuit opera- 
tion of FIG. 6. The operation from the shift registers to 
the storage circuits (LAT) is the same as the embodi- 
ment 1 . Besides, the control signals (SSI to SS4) input- 
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ted to the signal line selecting circuits 10c are also the 
same as the embodiment 1 . Every time when four signal 
lines are sequentially selected by the signal line select- 
ing circuit 1 0c, the count signals (CO to C2), the set sig- 
nal (ST) and the gradation power supply (VR) are peri- 
odically inputted. By this, writing of Infomnatlon into all 
the signal lines can be equally canied out. 
[0066] In order to explain the operation of the lamp 
system D/A converter circuit in detail, FIG. 9 shows the 
operation timing of a period when one of the four signal 
lines Is selected by the signal line selecting circuit First, 
the RS-FF30 Is set by the input of a set signal, and the 
output PW-I comes to have a Hi level. Next, the digital 
picture signal stored in the second latch circuit Is com- 
pared with the count signals (CO to C2) for every bit by 
exclusive-OR gates. In the case where all of the three 
bits are coincident, the outputs of all the exclusive-OR 
gates come to have the Hi level, and as a result, the 
output (inversion RC-i) of the 3-lnput N AND gate comes 
to have the Lo level (thus, RC-i comes to have the Hi 
level). The output of this 3-input NAND is also inputted 
to the RS-FF30. and when RC-i comes to have the HI 
level, it is reset, and the output PWh returns to the Lo 
level. FIG. 9 shows an output example of RC-i, PW-i, 
and DA-i In the case where the 3-blt digital picture signal 
{L-i(O), L-l(1), L-l(2)} Is {0, 0, 1}. Inthls way. the Informa- 
tion of the digital picture signal is converted Into the 
pulse width of the output PW-i of the bit comparison 
pulse width converter circuit (BPC). 
[0067] The output PW-i of the bit comparison pulse 
width converter circuit (BPC) controls switching of the 
analog switch 20. The gradation power supply (VR) hav- 
ing a step-like voltage level synchronizing with the count 
signals (CO to C2) is applied to the analog switch 20. 
The switch Is electrically connected to the signal line on- 
ly In the period when the output PW-I of the BPC is In 
the Hi level, and writes the voltage at the instant when 
the PW-I comes to have the Lo level Into the signal line. 
[0068] By the above operation, the digital picture sig- 
nal Is converted into the analog signal, and the art^ltrary 
potential is written into the signal line. Incidentally, it Is 
not necessary that the gradation power supply (VR) Is 
step-shaped, but a continuously monotonously 
changed one may be adopted. Besides, a buffer circuit, 
a level shift circuit or the like may be inserted between 
the output of the bit comparison pulse width converter 
circuit (BPC) and the analog switch 20. 
[0069] As described above, in the present Invention, 
the lamp system D/A converter circuit can also be used 
as the D/A converter circuit, and about 1/4 of the related 
art is sufficientforthe circuit stmcture, so that it becomes 
possible to greatly reduce the occupied area of the driv- 
er circuit and the number of elements. 

[Embodiment 3] 

[0070] In this embodiment, a description will be made 
on an example of a color Image display device whtoh Is 



a single plate of the VGA standard in whteh the number 
of pixels in the horizontal direction Is 640 x 3 (three 
colors of RGB) and the number of pixels in the vertical 
direction Is 480, and can produce a color display. R, G 

5 and B indicate red, green and blue of the three primary 
colors of light, respectively. Also in this embodiment, al- 
though the description Is made on the assumption that 
a digital picture signal has three bits, the present inven- 
tion is not limited to 3 bits, but Is also effective for 6 bits, 

10 a bits or a bit number other than those. Besides, a case 
where one D/A converter circuit drives three signal lines 
Is cited as an example. 

[0071] The structure and operation of the embodi- 
ment wilt hereinafter be described. 

15 [0072] FIG. 10 shows a signal line driver circuit ac- 
cording to this embodiment. Since the structure of a 
scan line driver circuit and the structure of a pixel an^ay 
portion are the same as the related art, their explanation 
is omitted. The signal line driver circuit of this embodi- 

20 ment includes three shift registers (first to third shift reg- 
isters) each comprised of 641 stage DFFs, 640 x 3 
(number of bits) storage circuits (LAT), 640 D/A convert- 
er circuits, and 640 signal line selecting circuits lOd. 
[0073] Although a clock signal (CLK) is Inputted to the 

25 respective shift registers In common, a first bit digital pic- 
ture signal (DO) of RGB Is Inputted to the first shift reg- 
ister, a second bit digital picture signal (D1) of RGB is 
inputted to the second shift register, and a third bit digital 
picture signal (D2) of RGB is inputted to the third shift 

30 register A latch signal (LP) is inputted to the storage 
circuits (LAT). and three control signals (SS1 to SS3) 
are Inputted to the signal line selecting circuits lOd. In- 
cidentally, in this embodiment, simllariy to the case of 
FIG. 1 , signal transmission lines for supplying the digital 

35 picture signals are coupled from the left side of the signal 
line driver circuit 

[0074] Next, the operation will be described with ref- 
erence to FIG. 11 . The corresponding RGB digital pic- 
ture signals (Di (i = 0 to 2)) and the clock signal (CLK) 

40 are Inputted to the respective shift registers. The respec- 
tive shift registers sequentially shift the inputted digital 
picture signals (Di) from the left to the right. This state 
Is shown by SR-001, SR-002, SR-600 in FIG. 11. 
When the an-angement order of the digital picture sig- 

45 nals to be inputted with the lapse of time is expressed 
by the designations of the corresponding signal lines 
shown in FIG. 10. it becomes*" (R640, R639, R002, 
R001), (G640. G639, G002, G001). (B640. B639, 
B002, B001)J. Here, the parenthses "( )" express a 

50 subgroup and they are collected for every RGB. In this 
embodiment, similarly to FIG. 1 , since the digital picture 
signals are shifted from the left to the right, the arrange- 
ment order of the picture signals also becomes de- 
scending order in the subgroup simllariy to FIG. 2. 

55 [0075] The latch signal is inputted three times to the 
storage circuit (LAT) portion in one horizontal scan pe- 
riod. In this embodiment, the latch signal is inputted at 
the following timing. 
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[0076] First, In the first subgroup ofR", when the dig- 
ital picture signal con^esponding to the signal line 
r R640J is outputted from the 640th stage DFF (In FIG. 
1 0, the leftmost DFF is made a first stage DFF), the clock 
signal is temporarily stopped, and the outputs from the 
respective DFFs are fixed. At this time, the first latch 
signal (LP) Is inputted, and the outputs of the respective 
DFFs of the shift registers are stored in the respective 
storage circuits (lATj. By this operation, the digital pic- 
ture signals corresponding to the signal lines ^ R001 , 
R002, •^^ R639, R640J are transferred to the storage 
circuits (1-AT), and at the same time, those signals are 
outputted to the D/A converter circuits. 
[00771 Thereafter, the digital picture signals of the 
second subgroup of "G" and the clock signal are input- 
ted, and when the digital picture signal con'esponding 
to the signal line ^ G640J is outputted from the 640th 
stage DFF, the clock signal is temporarily stopped and 
the outputs from the respective DFFs are fixed. At this 
time, the second latch signal (LP) is inputted, and the 
outputs of the respective DFFs of the shift registers are 
stored in the respective storage circuits (LAT). By this 
operation, the digital picture signals con-esponding to 
the signal lines ^ G001, G002, G639, G640J are 
transferredto the storage circuits (LAT), and at the same 
time, those signals are outputted to the D/A converter 
circuits. 

[0078] Finally, the digital picture signals of the third 
subgroup of "B" and the clock signal are Inputted, and 
when the digital ptoture signal con^espondlng to the sig- 
nal line B640J is outputted from the 640th stage DFF, 
the clock signal is temporarily stopped and the outputs 
from the respective DFFs are fixed. At this time, the third 
latch signal (LP) is inputted, and the outputs of the re- 
spective DFFs of the shift registers are stored In the re- 
spective storage circuits (LAT). By this operation, the 
digital picture signals corresponding to the signal lines 
B001 , B002, B639, B640J are transfen-ed to the 
storage circuits (LAT), and at the same time, those sig- 
nals are outputted to the D/A converter circuits. 
[0079] By the input of the latch signals as described 
above, all the digital picture signals for one row of the 
signal lines are transferred to the storage circuits (LAT). 
[0080] The 3-bit digital signals Inputted to the D/A 
converter circuits are converted into analog signals. The 
converted analog signals are written into the suitable 
signal lines through the signal line selecting circuits 1 0d. 
Hereinafter, this writing timing will be described. 
[0081] The storage circuits (LAT) repeat the storing 
operation three times In one horizontal scan period. 
Thus, In the period when the digital picture signals cor- 
responding to certain signal lines are stored in the stor- 
age circuits (LAT). the corresponding signal lines must 
be selected and writing must be completed. 
[0082] First, in the period when the digital picture sig- 
nals con^esponding to the signal lines'" R001, R002,»^, 
R639, R640J as the first subgroup of 'R" are stored in 
the storage circuits (LAT), the first control signal (SS1) 



Is inputted, and the respective signal line selecting cir- 
cuits lOd select the signal lines of R001, R002. 
R639, R640J. respectively. 

[0083] Next, in the period when the digital picture sig- 

s nais corresponding to the signal lines G001 , G002, 
G639, G640J as the second subgroup of "G" are stored 
in the storage circuits (UKT), the second control signal 
(SS2) is Inputted, and the respective signal line select- 
ing circuits 1 0d select the signal lines G001 , G002, •^^ 

10 G639, G640J, respectively. 

[0084] Finally, in the period when the digital picture 
signals corresponding to the signal lines B001 , 6002, 
•M, B639, B640J as the third subgroup of "B" are stored 
in the storage circuits (LAT), the third control signal 

15 (SS3) is inputted, and the respective signal line select- 
ing circuits 1 0d select the signal lines of ^ B001 . B002, 
•M, B639, B640J^ respectively. 
[0085] In this way, by inputting the control pulse to the 
signal line selecting circuits lOd three times in one hor- 

20 izontai scan period correspondingly to RGB, it becomes 
possible to write the outputs of the D/A converter circuits 
into the suitable signal lines. 
[0088] Incidentally, a buffer circuit, a level shift circuit, 
an enable circuit for limiting an output period, or the like 

25 nnay be inserted between the output of the storage cir- 
cuit (LAT) and the D/A converter circuit. Besides, the in- 
put arrangement order of the digital picture signals is not 
limited to the above order. This arrangement order is de- 
tennined by an operation method of the signal line se- 

30 looting circuits, an operation direction of the shift regis- 
ters (input connection positions of the digital ptoture sig- 
nals), or the like. For example, the arrangement order 
of the signals in the subgroup is reversed according to 
whether the digital picture signals are inputted to the 

35 right of the signal line driver circuit or the left thereof. 
Besides. In the above, in the case where the timing when 
the pulse of the first control signal (SS1) of the signal 
line selecting circuits lOd Is Inputted is exchanged for 
the timing when the pulse of the third control signal 

40 (SS3) is Inputted, the input arrangement order of the dig- 
ital picture signals Is also changed such that the first 
subgroup of "R" Is exchanged for the third subgroup of 
"BV 

[0087] As described above, In the present invention, 
45 although the number of the shift registers is increased, 
It is possible to drive the Image display device by the 
shift registers each comprised of circuits, the number of 
which Is 1/3 of the related art, the storage circuits, the 
number of which is 1/6 of the related art, and the D/A 
50 converter circuits, the number of which is 1/3 of the re- 
lated art, so that it becomes possible to greatly reduce 
the occupied area of the driver circuit and the number 
of elements. Besides, since the digital picture signal Is 
directly Inputted to the shift register, it becomes possible 
55 shorten the signal transmission line for supplying the 
digital picture signal, to make the connected gate ca- 
pacitance dramatically small, and to decrease the re- 
sistance and load capacitance of the signal transmis- 
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sion line. 
[Embodiment 4] 

[0088] In Embodiment 4, as an example of a manu- 
facturing method In the case where Embodiments 1 to 
3 are applied to an active matrix liquid crystal display 
device, a method of manufacturing a pixel TFT, which is 
a switching element of a pixel portion and TFTs of a driv- 
er circuit (a signal line driver circuit, scan line driver cir- 
cuit, or the like) fomied in the periphery of the pixel por- 
tion, on the same substrate, is explained according to 
the processes. For a brief description, cross section of 
a CMOS circuit which Is a basic structure circuit is Illus- 
trated taken along a path in a driver circuit portion, and 
cross section of an n-channel type TFT Is illustrated tak- 
en along a path in the pixel TFT of the pixel portion. 
[0089] First, as shown in FIG. 12A, a base film 401 
made of an insulating film such as a silicon oxide film, 
a siltoon nitride film, or a silicon nitride oxide film. Is 
formed on a substrate 400 made from a glass such as 
barium borosllicate glass or aluminum borosillcate 
glass, typically a glass such as Coming Corp. #7059 
glass or #1737 glass. For example, a lamination film of 
a silicon nitride oxide film 401a. manufactured from 
SIH^, NH3, and NgO by plasma CVD, and formed having 
a thickness of 1 0 to 200 nm (preferably between 50 and 
100 nm), and a hydrogenated silicon nitride oxide film 
401b, similarly manufactured from SiH4 and N2O, and 
fornied having a thickness of 50 to 200 nm (preferably 
between 1 00 and 1 50 nm), is fomfied. A two layer struc- 
ture is shown for the base film 401 in Embodiment 4, but 
a single layer film of an insulating film, and a stojcture 
in which more than two layers are laminated, may also 
be formed. 

[0090] Island shape semiconductor layers 402 to 406 
are fomied by crystalline semiconductor films manufac- 
tured from a semiconductor film having an amorphous 
structure, using a laser crystallization method or a 
known themrial crystallization method. The thickness of 
the island shape semiconductor layers 402 to 406 may 
be fonmed from 25 to 80 nm (preferably between 30 and 
60 nm). There are no limitations placed on the crystalline 
semiconductor film material, but It is preferable to forni 
the crystalline semiconductor films by silteon or a silicon 
gemnanium (SIGe) alloy. 

[0091] A laser such as a pulse emission type or con- 
tinuous emission type excimer laser, a YAG laser, or a 
YVO4 laser can be used In manufacturing the crystalline 
semiconductor films by the laser crystallization method. 
A method of condensing laser light emitted from a laser 
emission device into a linear shape by an optical system 
and then inradlating the light to the semiconductor film 
may be used when these types of lasers are used. The 
crystallization conditions may be suitably selected by 
the operator, but when using the excimer laser, the pulse 
emission frequency is set to 30 Hz, and the laser energy 
density Is set form 1 00 to 400 mJ/cm^ (typically between 



200 and 300 mJ/cm^). Further, when using the YAG la- 
ser, the second hanmonic is used and the pulse emission 
frequency is set from 1 to 10 KHz, and the laser energy 
density may be set from 300 to 600 mJ/cm^ (typteally 

5 between 350 and 500 mJ/cm^). The laser light con- 
densed Into a linear shape with a width of 100 to 1000 
^im, for example 400 ^m, is then irradiated over the en- 
tire surface of the substrate. This Is perfomried with an 
overiap ratio of 80 to 98% for the linear laser light. 

10 [0092] A gate insulating film 407 is formed covering 
the island shape semiconductor layers 402 to 406. The 
gate insulating film 407 Is formed of an insulating film 
containing silicon with a thickness of 40 to 150 nm by 
plasma CVD or sputtering. A 1 20 nm thtek silicon nitride 

15 oxide film is fornied in Embodiment 4. The gate insulat- 
ing film is not limited to this type of silicon nitride oxide 
film, of course, and other insulating films containing sil- 
icon may also be used in a single layer or in a lamination 
structure. For example, when using a silicon oxide film, 

20 it can be fomied by plasma CVD with a mixture of TEOS 
(tetraethyl orthosllicate) and O2, at a reaction pressure 
of 40 Pa, with the substrate temperature set from 300 
to 400*C, and by discharging at a high frequency (13.56 
MHZ) electric power density of 0.5 to 0.8 Wcnfi. Good 

25 characteristics as a gate insulating film can be obtained 
by subsequently perfonning themiat annealing, at be- 
tween 400 and 500*^0, of the siricon oxide film thus man- 
ufactured. 

[0093] A first conductive film 408 and a second con- 

30 ductlve film 409 are then formed on the gate insulating 
film 407 In order to form gate electrodes. The first con- 
ducth/e film 408 is fomied of a Ta film with a thickness 
of 50 to 100 nm, and the second conductive film 409 is 
formed of a W film having a thickness of 1 00 to 300 nm, 

35 in Embodiment 4. 

[0094] The Ta film is fomied by sputtering, and sput- 
tering of a Ta target is performed by Ar. If appropriate 
amounts of Xe and Kr are added to Ar at the time of 
sputtering, the Internal stress of the fomied Ta film is 

40 relaxed, and film peeling can be prevented. The resis- 
tivity of an a phase Ta film is on the order of 20 |ii2cm, 
and it can be used in the gate electrode, but the resis- 
tivity of a P phase Ta film is on the order of 180 n^cm 
and it Is unsuitable for the gate electrode. The a phase 

45 Ta film can easily be obtained if a tantalum nitride film, 
which possesses a crystal stmcture similar to that of a 
phase Ta, is fomied with a thickness of about 10 to 50 
nm as a base for a Ta film in order to fomi the a phase 
Taflim. 

50 [0095] The W film Is formed by sputtering with a W 
target, which can also be fomried by thermal CVD using 
tungsten hexafluoride (WFg). Whichever is used, it is 
necessary to make the film become low resistance in 
order to use It as the gate electrode, and It is preferable 

55 that the resistivity of the W film be made equal to or less 
than 20 nOcm. The resistivity can be lowered by enlarg- 
ing the crystals of the W film, but for cases in which there 
are many impurity elements such as oxygen within the 
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W film, crystallization is Inhibited, and the film becomes 
high resistance. AW target having a purity of 99.9999% 
is thus used In sputtering. In addition, by fonning the W 
film while taking sufficient care that no impurities from 
the gas phase are introduced at the time of film fomia- 
tlon. the resistivity of 9 to 20 nlJcm can be achieved. 
[0096] Note that, although the first conductive film 408 
is a Ta film and the second conductive film 409 is a W 
film in Embodiment 4, the conductive films are not lim- 
ited to these, both may also be fomned from an element 
selected from the group consisting of Ta, W, Ti, Mo, A1 , 
and Cu, from an alloy material having one of these ele- 
ments as its main constituent, or from a chemical com- 
pound of these elements. Further, a semiconductor film, 
typically a polysllloon film into which an impurity element 
such as phosphorous is doped, may also be used. Ex- 
amples of preferable combinations other than that used 
In Embodiment 4 Include: fomiing the first conductive 
film by tantalum nitride (TaN) and combining it with the 
second conductive film fomied from a W film; fomnlng 
the first conductive film by tantalum nitride (TaN) and 
combining it with the second conductive film formed 
from an Al film: and fomiing the first conductive film by 
tantalum nitride (TaN) and combining it with the second 
conductive film fomned from a Cu film. 
[0097] Then, masks 410 to 417 are formed from re- 
sist, and a first etching process Is performed In order to 
form electrodes and wirings. An ICP (inductively cou- 
pled plasma) etching method Is used In Embodiment 4. 
A gas mixture of CF4 and CI2 Is used as an etching gas, 
and a plasma is generated by applying a 500 W RF elec- 
tric power (13.56 MHZ) to a coil shape electrode at 1 
Pa. A 100 W RF electric power (13.66 MHZ) is also ap- 
plied to the substrate side (test piece stage), effectively 
applying a negative self-bias voltage, in case of mixing 
CF4 and CI2, the W film and the Ta film are etched to the 
approximately same level. 

[0098] Edge portions of the first conductive layer and 
the second conductive layer are made Into a tapered 
shape in accordance with the effect of the bias voltage 
applied to the substrate side under the above etching 
conditions by using a suitable resist mask shape. The 
angle of the tapered portions Is from 1 5 to 45'. The etch- 
Ing time may be Increased by approximately 10 to 20% 
in order to perfonn etching without any residue remain- 
ing on the gate Insulating film. The selectivity of a silicon 
nitride oxide film with resped to a W film is from 2 to 4 
(typically 3), and therefore approximately 20 to 50 nm 
of the exposed surface of the silicon nitride oxide film is 
etched by this over-etching process. First shape con- 
ductive layers 419 to 426 (first conductive layers 419a 
to 426a and second conductive layers 41 9b to 426b) are 
thus fomied of the first conductive layers andthe second 
conductive layers in accordance with the first etching 
process. Reference numeral 418 denotes a gate insu- 
lating film, and the regions not covered by the first shape 
conductive layers 41 9 to 426 are made thinner by etch- 
ing of about 20 to 50 nm. 



[0099] A first doping process is then performed, and 
an impurity element which imparts n-type conductivity 
is added. (See FIG. 1 2B.) Ion doping or ion Injection may 
be perfomned for the method of doping. Ion doping is 

5 performed under the conditions of a dose amount of 
from 1 X 1 0^3 to 5 X 1 0^^ atoms/cm^ and an acceleration 
voltage of 60 to 1 00 keV. A periodic table group 15 ele- 
ment, typically phosphorous (P) or arsenic (As) Is used 
as the impurity element which imparts n-type conductiv- 

10 ity, and phosphorous (P) is used here. The conductive 
layers 41 9 to 423 become masks with respect to the n- 
type conductivity Imparting impurity element in this 
case, and first impurity regions 427 to 431 are formed 
In a self-aligning manner. The impurity element which 

IS imparts n-type conductivity is added to the first impurity 
regions 427 to 431 with a concentration in the range of 
1 X 1020 to i X 1021 atoms/cm3. 
[0100] A second etching process is perfomied next, 
as shown in FIG. 12C. The ICP etching method Is sim- 

20 llariy used, a mixture of CF4, Clg, and Og is used as the 
etching gas, and a plasma is generated by supplying a 
500 W RF electric power (13.56 MHZ) to a coil shape 
electrode at a pressure of I Pa. A 50W RF electric power 
(1 3.56 MHZ) is applied to the substrate side (test piece 

25 stage), and a self-bias voltage whtoh is lower in compar- 
ison to that of the first etching process Is applied. The 
W film is etched anisotroplcally under these etching con- 
ditions, and Ta (the first conductive layers) is anisotrop- 
lcally etched at a slower etching speed, fomiing second 

30 shape conductive layers 433 to 440 (first conductive lay- 
ers 433a to 440a and second conductive layers 433b to 
440b). Reference numeral 432 denotes a gate insulat- 
ing film, and regions not covered by the second shape 
conductive layers 433 to 437 are additionally etched on 

35 the order of 20 to 50 nm, fonming thinner regions. 
[0101] The etching reaction of a W film or a Ta film In 
accordance with a mixed gas of CF4 and CI2 can be es- 
timated from the radicals generated and from the Ion 
types and vapor pressures of the reaction products. 

40 Comparing the vapor pressures of fluorides and chlo- 
rides of W and Ta, the W fluoride compound WFg is ex- 
tremely high, and the vapor pressures of WCI5, TaFg, 
andTaClg are of similar order. Therefore the W film and 
the Ta film are both etched by the CIF4 and CIg gas mix- 

45 ture. However, if a suitable quantity of O2 is added to 
this gas mixture, CF4 and O2 react, fomiing CO and F, 
and a large amount of F radicals or F ions is generated. 
As a result, the etching speed of the W film having a 
high fluoride vapor pressure is Increased. On the other 

50 hand, even If F increases, the etching speed of Ta does 
not relatively increase. Further, Ta is easily oxidized 
compared to W, and therefore the surface of Ta is oxi- 
dized by the addition of Og. The etching speed of the Ta 
film Is further reduced because Ta oxides do not react 

55 with fluorine and chlorine. It therefore becomes possible 
to have a difference in etching speeds between the W 
film and the Ta film, and It becomes possible to make 
the etching speed of the W film larger than that of the 
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Ta film. 

[0102] A second doping process Is then performed, 
as shown in FIG. 13A. The dose amount Is made smaller 
than that of the first doping process In this case, and an 
Impurity element which Imparts n-type conductivity is 
doped under high acceleration voltage conditions. For 
example, doping is performed with the acceleration volt- 
age set from 70 to 120 keV, and a dose amount of 1 x 
10^3 atoms/cm^, and a new Impurity region Is formed 
Inside the first Impurity region formed In the Island shape 
semiconductor layers of FIG. 12B. The second conduc- 
tive layers 433 to 437 are used as maslcs with respect 
to the impurity element, and doping is perfonrned so as 
to also add the Impurity element Into regions under the 
first conductive layers 433a to 437a. In this way. third 
impurity regions 441 to 445 that overlap the first con- 
ductive layers 433a to 437a, and second impurity re- 
gions 446 to 450 between the first Impurity regions and 
the third Impurity regions are thus fomiied. The Impurity 
element which imparts n-type conductivity is added 
such that the concentration becomes from 1 x 10"»7 to 1 
X 10^9 atoms/cm^ In the second impurity regions, and 
becomes from 1 x 1 0^® to 1 x 1 0^^ atpms/cm^ in the third 
Impurity regions. 

[01 03] Fourth Impurity regions 454 to 456 added with 
an impurity element having a conductivity type which is 
the opposite of the above conductive type impurity ele- 
ment, are then formed as shown in FIG. 13B In the island 
shape semiconductor layers 403 which fonm p-channel 
TFTs. The second conductive layer 434 Is used as a 
mask with respect to the Impurity element, and the im- 
purity regions are fonmed in a self-aligning manner. The 
island shape semiconductor layers 402, 404, 405 and 
406, which fonn n-channelTFTs, are covered over their 
entire surface areas by resist masks 451 to 463. Phos- 
phorous is added In differing concentration to the Impu- 
rity regions 454 to 456, and Ion doping is perfomned here 
using diborane (B2He), so that the Impurity concentra- 
tion in the regions becomes from 2 x lO^o to 2 x 102i 
atoms/cm^. 

[0104] Impurity regions are fomned in the respective 
Island shape semteonductor layers by the above proc- 
esses. The conductive layers 433 to 436 overiapping the 
island shape semiconductor layers function as gate 
electrodes of TFTs. Further, reference numeral 439 
functions as a signal line, 440 functions as a scan line, 
437 functions as a capacitor wiring, and 438 functions 
as a driver circuit. 

[0105] A process of activating the impurity elements 
added to the respective Island shape semiconductor 
layers is then performed, as shown In FIG. 1 3C, with the 
aim of controlling conductivity type. Themial annealing 
using an annealing furnace is performed for this proc- 
ess. In addition, laser annealing and rapid themrial an- 
nealing (RTA) can also be applied. Themial annealing 
is performed with an oxygen concentration equal to or 
less than 1 ppm, preferably equal to or less than 0.1 
ppm. in a nitrogen atmosphere at 400 to 700''C. typically 



between 500 and 600*C. Heat treatment is perfomned 
for4hoursat500'Cln Embodlment4. However, for cas- 
es in which the wiring material used In the wirings 433 
to 440 Is weak with respect to heat, it is preferable to 

5 perfomn activation after fomning an interiayer insulating 
film (having silicon as Its main constituent) In order to 
protect the wirings and the like. 
[0106] In addition, heat treatment is performed for 1 
to 12 hours at 300 to 450*0 in an atmosphere containing 

10 between 3 and 100% hydrogen, performing hydrogen- 
atlon of the Island shape semiconductor layers. This 
process Is one of tenninating dangling bonds In the is- 
land shape semiconductor layers by hydrogen which is 
thermally excited. Plasma hydrogenation (using hydro- 
's gen excited by a plasma) may also be perfomned as an- 
other means of hydrogenation. 
[0107] Then, a first interiayer Insulating film 457 Is 
fomned of a silicon nitride oxide film having a thickness 
of 1 00 to 200 nm. A second Interiayer Insulating film 458 

20 made of an organic Insulating material Is then formed 
on the first interiayer insulating film 457. Etching is then 
performed in order to fomn contact holes. 
[0108] Source wirings 459 to 461 for fomning contact 
with source regions, and drain wirings 462 to 464 for 

25 fomning contact with drain regions, of the island shape 
semiconductor layers in a driver circuit portion are then 
fonned. Further, In a pixel portion, pixel electrodes 466 
and 467, and a connection electrode 465 are fomned. 
(See FIG. 14.) An electrical connection Is made. In ac- 

30 cordance with the connection electrode 465, between 
the signal line 439 and the a pixel TFT 504. The pixel 
electrode 466 fomns electrical connections with the is- 
land shape semiconductor layer 405 con^esponding to 
the active layer of the pixel TFT (coresponding to the 

35 first semiconductor layer 201 in FIG. 1) and the island 
shape semteonductor layer fomning a storage capacitor 
(not shown in figure), respectively. Note that a pixel elec- 
trode 467 and a storage capacitance 505 are shared be- 
tween adjacent pixels. 

40 [01 09] The driver circuit portion having an n-channel 
TFT 501 , a p-channel TFT 502, and an n-channel TFT 
503; and the pixel portion having the pixel TFT 504 and 
the storage capacitor 505 can thus be fomied on the 
same substrate. For convenience, this type of substrate 

45 is referred to as an active matrix substrate throughout 
this specification. 

[0110] The n-channelTFT501 of the driver circuit por- 
tion has: a channel forming region 468; the third impurity 
region 441 overiapping the conductive layer 433, which 

50 fomns a gate electrode, (GOLD region); the second im- 
purity region 446 formed outside the gate electrode 
(LDD region); and the first impurity region 427 whteh 
functions as a source region or a drain region. The p- 
channel TFT 502 has: a channel forming region 469; the 

55 fourth impurity region 456 overiapping the conductive 
layer 434, which fomis a gate electrode; the fourth Im- 
purity region 455 fomned outside the gate electrode; and 
the fourth impurity region 454 whteh functions as a 
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source region or a drain region. The n-channel TFT 503 
has: a channel fomnlng region 470; the third impurity re- 
gion 443 overlapping the conductive layer 435, which 
fomis a gate electrode, (GOLD region); the second im- 
purity region 448 formed outside the gate electrode 
(LDD region); and the first impurity region 429 which 
functions as a source region or a drain region. 
[0111] The pixel TFT 504 of the pixel portion has: a 
channel forming region 471; the third impurity region 
444 overlapping the conductive layer 436, which forms 
a gate electrode, (GOLD region); the second impurity 
region 449 formed outside the gate electrode (LDD re- 
gion); and the first impurity region 430 which functions 
as a source region or a drain region. Further, an impurity 
element which Imparts n-type conductivity Is added: to 
the semiconductor layer 431 , which functions as one 
electrode of the storage capacitor 505, at the same con- 
centration as in the first impurity regions; to the semi- 
conductor layer 445 at the same concentration as in the 
third impurity regions; and to the semiconductor layer 
450 at the same concentration as in the second impurity 
regions. The storage capacitor is fomried by the capac- 
itor wiring 437 and an insulating layer therebetween (the 
same layer as the gate insulating film). 
[0112] Further, in the present embodiment, edge por- 
tions of the pixel electrode are arranged so as to overlap 
the signal line and the scan line In order that the gaps 
between the pixel electrodes can be shielded from light 
without using a black matrix. 
[01 1 3] Furthermore, in accordance with the process- 
es shown in Embodiment 4, the active matrix substrate 
can be manufactured by using five photomaslcs (an is- 
land shape semiconductor layer pattern, a first wiring 
pattem (scan line, signal line, capacitor wirings), an n- 
channel region mask pattem , a contact hole pattem, and 
a second wiring pattem (Including pixel electrodes and 
connection electrodes). As a result, the processes can 
be reduced, and this contributes to a reduction in the 
manufacturing costs and an increase In throughput. 

[Embodiments] 

[0114] A process of manufacturing an active matrix 
liquid crystal display device fi'om the active matrix sub- 
strate manufactured in Embodiment 4 is explained be- 
low In Embodiment 5. FIG. 15 is used for the explana- 
tion. 

[01 1 5] After first obtaining the acthre matrix substrate 
of FIG. 14 in accordance with Embodiment 4, an orien- 
tation film 506 is fomied on the active matrix substrate 
of FIG. 14, and a rubbing process is perfomned. 
[01 1 6] An opposing substrate 507 Is prepared. Color 
filter layers 508 and 509. and an overcoat layer 51 0 are 
formed on the opposing substrate 507. The color fitter 
layers are fomied such that the color filter layer 508, 
having a red color, and the color filter 509, havingablue 
color, are overlapped with each other, and also serve as 
a light shielding f ilm. It is necessary to shield at least the 



spaces between the TFTs. and the connection elec- 
trodes and the pixel electrodes when using the substrate 
of Embodiment 4, and therefore, it is preferable that the 
red color filters and the blue color filters are anranged 

5 so as to overiap and shield the necessary positions, 
[0117] Further, combined with the connection elec- 
trode 465, the red color filter layer 508, the blue cok>r 
filter layer 509, and a green color filter layer 511 are 
overiaid, fonning a spacer. Each color filter is formed 

10 having a thickness of 1 to 3 nm by mixing a pigment into 
an acrylic resin. A predetennined pattern can be fomried 
using a mask which uses a photosensitive material. 
Considering the thickness of the overcoat layer 510 of 
1 to 4 Jim, the height of the spacers can be made from 

IS 2 to 7 (im, preferably between 4 and 6 A gap is 
fomrted by this height when the active matrix substrate 
and the opposing substrate are joined together. The 
overcoat layer 51 0 is formed by an optical hardening, or 
a themiosetting, organic resin material, and materials 

20 such as polylmide and acrylic resin are used, for exam- 
ple. 

[01 1 8] The an^angement of the spacers may be deter- 
mined arisitrarily, and the spacers may be an^nged on 
the opposing substrate so as to line up with positions 

25 overthe connection electrodes, as shown in FIG. 15, for 
example. Further, the spacers may also be an^nged on 
the opposing substrate so as to line up with positions 
over the TFTs of the driver circuit. The spacers may be 
arranged over the entire surface of the driver circuit por- 

30 tlon, and they may be arranged so as to cover source 
wirings and drain wirings. 

[0119] An opposing electrode 512 is formed by pat- 
terning after fomiing the overcoat layer 51 0. and a nib- 
bing process Is perfomned after fonning an orientation 
35 film 513. 

[0120] The active matrix substrate on whfch the pixel 
portion and the driver circuit portion are f omied, and the 
opposing substrate are then joined together by a sealant 
514. A filler is mixed into the sealant 514, and the two 

40 substrates are joined together with a unlfomn gap main- 
tained by the filler and the spacers. A liquid crystal ma- 
terial 515 is then Injected between both the substrate, 
and this is completely sealed by using a sealing material 
(not shown In the figure). A known liquid crystal material 

45 51 5 may be used as the liqukJ crystal material. The ac- 
tive matrix liquid crystal display device shown in FIG. 1 5 
Is thus completed. 

[0121] Note that the TFT formed in accordance with 
the above processes has a top gate structure, and the 

50 present invention can be applied also to a TFT having 
a bottom gate structure or other structure. 
[0122] In addiction, the present invention can be ap- 
plied to a self-emission type image display device, 
namely, an EL display device using an electrolumines- 

55 cence material (EL: Electro Luminescence) instead of a 
liquid crystal material. 
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[Embodiment 6] 

[0123] In this embodiment, an example In which an 
EL (electroluminescence) display device, also called a 
light emitting device or a light emitting diode, Is fabricat- 
ed by using Embodiments 1 to 3 will be described. The 
EL devices referred to In this specification include triplet- 
based light emission devices and/or singlet-based light 
emission devices, for example. 
[0124] FIG. 1 6A Is a top view of an EL display device 
using the present invention. FIG. 1 6B is a cross section- 
al view of the EL display device taken along line A-A* of 
FIG. 16A. In FIG. 16A, reference numeral 4010 desig- 
nates a substrate; 4011, a pixel portion; 4012, a signal 
line driver circuit; and 4013, a scan line driver circuit, 
and the respective driver circuits lead to an FPC 401 7 
through wirings 4014 to 4016 and are connected to an 
external equipment. 

[0125] At this time, a cover member 4600, a sealing 
member (also called a housing member) 4100, and a 
sealant (second sealing member) 4101 are provided so 
as to surround at least the pixel portion, preferably the 
driver circuits and the pixel portion. 
[0126] Further, as shown In FIG. 1 6B, a driver circuit 
TFT (here, a CMOS circuit of a combination of an n- 
channel TFT and a p-channel TFT is shown) 4022 and 
a pixel portion TFT 4023 (here, only a TFT for controlling 
a current to an EL element Is shown) are f onned on the 
substrate 4010 and an under film 4021 .These TFTs may 
be fomied by using a well-known structure (top gate 
structure or bottom gate structure). 
[0127] When the driver circuit TFT 4022 and the pixel 
portion TFT 4023 are completed by using well-known 
method, a pixel electrode 4027 electrically connected to 
a drain of the pixel portion TFT 4023 and made of a 
transparent conductive film is formed on an interlayer 
insulating film (flattening film) 4026 made of resin ma- 
terial. As the transparent conductive film, a compound 
(called ITO) of Indium oxide and tin oxide or a compound 
of Indium oxide and zinc oxkle can be used. After the 
pixel electrode 4027 is formed, an insulating film 4028 
is fomied, and an opening portion is fomried over the 
pixel electrode 4027. 

[0128] Next, an EL layer 4029 is formed. As the EL 
layer 4029, a laminate structure or a single layer struc- 
ture may be adopted by freely combining well-known EL 
materials (hole Injecting layer, hole transporting layer, 
light emitting layer, electron transporting layer, and elec- 
tron Injecting layer). A well-known technique may be 
used to determine the stmcture. The EL material in- 
cludes a low molecular material and a high molecular 
(polymer) material. In the case where the low molecular 
material is used, an evaporation method Is used. In the 
case where the high molecular materia! is used, It is pos- 
sible to use a simple method such as a spin coating 
method, a printing method or an Inkjet method. 
[0129] In this embodiment, the EL layer is fomied by 
the evaporation method using a shadow mask. Color 



display becomes possible by fonning light emitting lay- 
ers (red light emitting layer, green light emitting layer, 
and blue light emitting layer), which can emit lights with 
different wavelengths, for every pixel by using the shad- 

5 ow mask. In addition, there are a system In which a color 
conversion layer (CCM) and a color filter are combined, 
and a system in which a white light emitting layer and a 
color fitter are combined, and either system may be 
used. Of course, an EL display device of monochromatic 

10 light emission may be used. 

[0130] After the EL layer 4029 Is fomned, a cathode 
4030 is fomied thereon. It is desirable to remove mois- 
ture and oxygen existing in the interface between the 
cathode4030 andthe EL layer 4029 to the utmost. Thus, 

15 It Is necessary to make such contrivance that the EL lay- 
er 4029 and the cathode 4030 are continuously formed 
In vacuum, orthe EL layer 4029 is formed in an inert gas 
atmosphere and the cathode 4030 Is fomied without re- 
leasing to the atmosphere. In this embodiment, a film 

20 fonnatlon apparatus of a multi-chamber system (cluster 
tool system) is used, so that the foregoing film formation 
is made possible. 

[0131] Incidentally, in this embodiment, a laminate 
structure of a LiF (lithium fluoride) film and an Al (alumi- 

25 num) film Is used for the cathode 4030. Specif Ically, the 
LiF (lithium fluoride) film having a thickness of 1 nm is 
fonmed on the EL layer 4029 by the evaporation method, 
and the aluminum film having a thickness of 300 nm Is 
formed thereon. Of course, a MgAg electrode of a well- 

30 known cathode material may be used. The cathode 
4030 is connected to the wiring 4016 In a region desig- 
nated by 4031 . The wiring 401 6 Is a power supply line 
for giving a predetemnlned voltage to the cathode 4030, 
and is connected to the FPC 401 7 through a conductive 

35 paste material 4032. 

[0132] For the purpose of electrically connecting the 
cathode 4030 to the wiring 401 6 in the region 4031 , it is 
necessary to form contact holes in the Interiayer insu- 
lating film 4026 and the insulating film 4028. These may 

40 be fonmed at the time of etching the Interiayer Insulating 
film 4026 (at the time of fonning the contact hole for the 
pixel electrode) and at the time of etching the insulating 
film 4028 (at the time of fomiing the opening portion be- 
fore formation of the EL layer). When the insulating film 

45 4028 is etched, the interiayer insulating film 4026 may 
be etched together In this case, if the interiayer insulat- 
ing film 4026 and the insulating film 4028 are made of 
the same resin material, the shape of the contact hole 
can be made excellent. 

50 [0133] A passivation film 4603, a filler 4604. and a 
cover member 4600 are fomied to cover the surface of 
the EL element fomied in this way 
[01341 Further, the sealing member 41 00 is provided 
at the inside of the cover member 4600 and the sub- 

55 strate 401 0 in such a manner as to cover the EL element 
portion, and further, the sealant (second sealing mem- 
ber) 41 01 is fomried at the outside of the sealing member 
4100. 
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[0135] At this time, this filler 4604 functions also as an 
adhesive for bonding the cover member 4600. As the 
filler 4604, PVC (polyvinyl chloride), epoxy resin, sili- 
cone resin. PVB (polyvinyl butyral) or EVA (ethyiene-vi- 
nyl acetate) can be used. It Is preferable that a drying 
agent is provided in the inside of this filler 4604 because 
a moisture absorption effect can be held. 
[0136] A spacer may be contained In the filler 4604. 
At this time, the spacer may be made a granular material 
of BaO or the like, and the spacer itself may be made to 
have a moisture absorption property. 
[01371 In the case where the spacer is provided, the 
passivation film 4603 can relieve spacer pressure. In ad- 
dition to the passivation film, a resin film or the like for 
relieving the spacer pressure may be provided. 
[0138] As the cover member 4600, a glass plate, an 
aluminum plate, a stainless plate, an FRP (Fiberglass- 
Reinforced Plastics) plate, a PVF (polyvinyl fluoride) 
film, a Mylar film, a polyester film, or an acrylic film can 
be used. In the case where PVB or EVA is used for the 
filler 4604, It is preferable to use a sheet of a structure^ 
in which an aluminum foil of several tens of mm is put 
between PVF filnns or Mylar films. 
[0139] However, according to the direction of light 
emission (radiation direction of light) from the EL ele- 
ment, it is necessary that the cover member 4600 has 
transparency. 

[0140] The wiring 401 6 is electrically connected to the 
FPC 401 7 through the gap between the sealing member 
4100 or the sealant 4101 and the substrate 4010. Inci- 
dentally, here, although the description has been made 
on the wiring 401 6, the other wirings 401 4 and 401 5 are 
also electrically connected to the FPC 4017 under the 
sealing member 41 00 and the sealant 41 01 in the same 
way. 

[0141] In Embodiment 6, the covering material 4600 
Is bonded after forming the filler 4604, and the sealing 
materiaUlOO is attached so as to coverthe side surfac- 
es (exposed surfaces) of the filler 4604, but the filler 
4604 may also be fornied after attaching the covering 
material 4600 and the sealing material 4100. In this 
case, a filler Injection opening Is formed through a gap 
formed by the substrate 4010, the covering material 
4600, and the sealing material 41 00. The gap is set into 
a vacuum state (a pressure equal to or less than 10"2 
Tonr), and after immersing the injection opening in the 
tank holding the filler, the air pressure outside of the gap 
is made higher than the air pressure within the gap, and 
the filler fills the gap. 

[Embodiment 7] 

[0142] In this embodiment, an example In whteh an 
EL display device different from Embodiment 6 Is fabri- 
cated by using the present invention will be described 
with reference to FIGs. 17A and 17B. Since the same 
reference numerals as those of FIGs. 1 6A and 1 6B des- 
ignate the same portions, the explanation is omitted. 
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[0143] FIG. 1 7A Is a top view of an EL display devfee 
of this embodiment, and FIG. 17B is a sectional view 
taken along line A-A' of FIG. 17A. 
[0144] In accordance with Embodiment 6, steps are 
5 canied out until a passivation film 4603 covering the sur- 
face of an EL element is formed. 
[0145] Further, a filler 4604 is provided so as to cover 
the EL element. This filler 4604 functions also as an ad- 
hesive for bonding a cover meml)er 4600. As the filler 
10 4604, PVC (polyvinyl chloride), epoxy resin, silicon res- 
in, PVB (polyvinyl butyral) or EVA (ethylene-vinyl ace- 
tate) can be used. It is preferable that a drying agent is 
provided in the inside of this filler 4604, since a moisture 
absorption effect can be held. 
15 [0146] A spacer may be contained in the filler 4604. 
At this time, the spacer may be made a granular material 
of BaO or the like, and the spacer Itself may be made to 
have a moisture absorption property. 
[0147] In the case where the spacer is provkJed, the 
20 passivation film 4603 can relieve spacer pressure. In ad- 
dition to the passivation film, a resin film or the like for 
relieving the spacer pressure may be provided. 
[0148] As the cover member 4600, a glass plate, an 
aluminum plate, a stainless plate, an FRP (Fiberglass- 
es Reinforced Plastics) plate, a PVF (polyvinyl fluoride) 
film, a Mylar film, a polyester film, or an acrylk; film can 
be used. In the case where PVB or EVA Is used for the 
filler 4604, it is preferable to use a sheet of a structure 
in which an aluminum foil of several tens of mm Is put 
30 between PVF films or Mylar films. 

[0149] However, according to the direction of light 
emission (radiation direction of light) from the EL ele- 
ment, it is necessary that the cover member 4600 has 
transparency. 

35 piSO] Next, after the cover member 4600 Is bonded 
by using the filler 4604, a frame member 4601 Is at- 
tached so as to cover the side (exposed surface) of the 
filler 4604. The frame member 4601 is bonded by a seal- 
ing member (functioning as an adhesive) 4602. At this 

40 time, as the sealing member 4602, although it is prefer- 
able to use a photocuring resin, if heat resistance of the 
EL layer permits, a themiosettlng resin may be used. 
Incidentally, it is desirable that the sealing member 4602 
is a material which is as impenneable as possible to 

45 moisture and oxygen. A drying agent may be added In 
the inside of the sealing member 4602. 
[0151] A wiring line 4016 Is electrically connected to 
an FPC 401 7 through a gap between the sealing mem- 
ber 4602 and a substrate 401 0. Here, although descrlp- 

50 tion has been made on the wiring 4016, other wirings 
4014 and 4015 are also electrically connected to the 
FPC 4017 through a space under the sealing member 
4602 In the same manner. 

[0152] In Embodiment 7. the covering material 4600 
55 is bonded after forming the filler 4604, and the frame 
material 4601 Is attached so as to cover the side surfac- 
es (exposed surfaces) of the filler 4604, but the filler 
4604 may also be formed after attaching the covering 
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material 4600 and the frame material 4601 . 1 n this case, 
a filler injection opening Is fonned through a gap formed 
by the substrate 4010. the covering material 4600, and 
the frame material 4601 . The gap Is set into a vacuum 
state (a pressure equal to or less than 10-2 jon-), and 
after immersing the injection opening in the tank holding 
the filler, the air pressure outside of the gap is made 
higher than the air pressure within the gap. and the filler 
fills the gap. 

[Embodiment 8] 

[0153] Here, a more detailed sectional structure of a 
pixel portion of an EL display device is shown in FIG. 
18, Its upper structure Is shown In FIG. 19A, and Its cir- 
cuit diagram is shown In FIG. 19B. In FIGs. 18, 19Aand 
1 9B, since common characters are used, reference may 
be made to one another. 

[01541 In FIG, 1 8, a switching TFT 4502 provided on 
a substrate 4501 Is formed by using an n-channel TFT 
formed by a known method. In this embodiment, al- 
though a double gate structure is used, since there is 
no big difference in the structure and fabricating proc- 
ess, explanation Is omitted. However, a structure in 
which two TFTs are essentially connected in series with 
each other Is obtained by adopting the double gate 
structure, and there Is a merit that an off current value 
can be decreased. Incidentally, although the double 
gate structure is adopted in this embodiment, a single 
gate structure may be adopted, or a triple gate stmcture 
or a multi-gate structure having more gates may be 
adopted. Further, it may be formed by using a p-channel 
TFTfonned by a known method. 
[0155] A current controlling TFT 4503 Is formed by us- 
ing an n-channel TFTfomied by a known method, ref- 
erence numeral 34 shows a source wiring (signal line) 
of the switching TFT 4502, and reference numeral 35 
shows a drain wiring of the switching TFT 4502 and is 
electrically connected to a gate electrode 37 of the cur- 
rent controlling TFT through a wiring 36. A wiring des- 
ignated by 38 is a gate wiring (scan line) for electrically 
connecting gate electrodes 39a and 39b of the switching 
TFT 4502, 

[0156] At this time, since the current controlling TFT 
4503 Is an element for controlling the amount of cun-ent 
ftowing through an EL element, a large current flows, 
and it Is an element having high fear of deterioration due 
to heat or deterioration due to hot canlers. Thus, It Is 
very effective to adopt a structure In which an LDD re- 
gion is provided at a drain side of the current controlling 
TFT 4503 so as to overlap with a gate electrode through 
a gate Insulating film. 

[0157] In this embodiment, although the current con- 
trolling TFT 4503 is shown as a single gate structure, a 
multi-gate structure in whteh a plurality of TFTs are con- 
nected in series with each other may be adopted. Fur- 
ther, such a structure may be adopted that a plurality of 
TFTs are connected In parallel with each other to essen- 



tially divide achannelfonning region into plural portions, 
so that radiation of heat can be made at high efficiency. 
Such stmcture is effective as acountenmeasure against 
deterioration due to heat. 
5 [0158] Further, as shown In FIG. 19A, the wiring 36 
which becomes the gate electrode 37 of the current con- 
trolling TFT 4503 overiaps with a drain wiring 40 of the 
cun^ent controlling TFT 4503 through an insulating film 
in a region designated by 4504. At this time, a capacitor 
10 is fornned In the region 4504 and functions as a storage 
capacitor for holding voltage applied to the gate elec- 
trode 37 of the current controlling TFT 4503. The stor- 
age capacitor 4504 Is fornned between the semiconduc- 
tor film 4507 connected electrically to the power supply 
15 line 4506, an insulating film (not shown in figures) which 
is the same layer of the gate insulating film, and the wir- 
ing 36. Further, the capacitor, which Is formed from the 
wiring 36, the same layer (not shown in figures) of a first 
interiayer insulating film and the power supply line 4506 
20 can be also used as a storage capacitor. The drain of 
the cun-ent controlling TFT is connected to the power 
supply line (power source line) 4506 so as to be always 
supplied with a constant voltage. 
[0159] A first passivation film 41 is provided on the 
25 switching TFT 4502 and the cun-ent controlling TFT 
4503, and a flattening film 42 made of a resin insulating 
film is fomied thereon. It Is very Important to flatten a 
stepped portion due to the TFT by using the flattening 
film 42. Since an EL layer formed later is very thin, there 
30 is a case where light emission defect occurs due to the 
existence of the stepped portion. Thus. It is desirable to 
conduct flattening prior to fomnation of a pixel electrode 
so that the EL layer can be fornied on the flat surface. 
[0160J Reference numeral 43 designates a pixel elec- 
ts trode (cathode of the EL element) made of a conductive 
film having high reflectivity, and is electrically connected 
to the drain ofthe current controlling TFT 4503. As the 
pixel electrode 43, It is preferable to use a low resistance 
conductive film, such as an aluminum alloy film, a cop- 
40 per alloy film or a silver alloy film, or a laminate film of 
those. Of course, a laminate stmcture with another con- 
ductive film may be adopted. 
[0161] A light emitting layer 45 is fornied in a groove 
(corresponding to a pixel) formed by banks 44a and 44b 
45 made of Insulating films (preferably resin). In FIG. 19A. 
a portion of bank is eliminated to clarify the position of 
the storage capacitor 4504, so only the bank 44a and 
44b are shown In figures. The banks are provided be- 
tween the power supply line 4506 and the source wiring 
50 (signal line) 34 to overlap the portion ofthe power supply 
line 4506 and the source wiring (signal line) 34. Herein, 
only two pixels are shown, however, light-emitting layers 
conresponding to each color R (red), G (green), and B 
(blue)) may be formed. As an organic EL material used 
55 for the light-emitting layer, a ic-conjugate polymer mate- 
rial Is used. Typical examples of the polymer material 
include polyparaphenylene vinylene (PPV), polyvinyl 
carbazole (PVK). and polyfluorene. 
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[01 62] Although various types exist as the PPV organ- 
ic EL material, for example, a material as disclosed In 
"H. Shenk. H. Becker, O Gelsen, E. Kluge, W. Kreuder, 
and H. Spreitzer, "Polymers for Light Emitting Diodes", 
Euro Display. Proceedings, 1999. p. 33-37" or Japanese 
Patent Application Laid-open No. Hei. 1 0-92576 may be 
used. 

[01 63] As a specific light emitting layer, it is appropri- 
ate thatcyanopotyphenylenevinylene is used for a light 
emitting layer emitting red light, polyphenylenevinyiene 
is used for a light emitting layer emitting green light, and 
polyphenylenevinyiene or polyalkylphenylene is used 
for a light emitting layer emitting blue light. It is appro- 
priate that the film thickness is made 30 to 1 50 nm (pref- 
erably 40 to 100 nm). 

[01 64] However, the above examples are an example 
of the organte EL material which can be used forthe light 
emitting layer, and it is not necessary to limit the inven- 
tk)n to these. The EL layer (layer In which light emission 
and movement of canlers for that are perfomried) may 
be fomied by freely combining a light emitting layer, a 
charge transporting layer and a charge injecting layer. 
[0165] For example, although this embodiment shows 
the example in which the polymer material is used for 
the light emitting layer, a low molecular organfc EL ma- 
terial may be used. It is also possible to use an inorganic 
material, such as silicon carbide, as the charge trans- 
porting layer orthe charge injecting layer. As the organic 
EL material or Inorganic material, a well-known material 
can be used. 

[01 66] This embodiment adopts the EL layer of a lam- 
inate structure in which a hole injecting layer 46 made 
of PEDOT (polythlophene) or PAni (potyaniline) is pro- 
vided on the light emitting layer 45. An anode 47 made 
of a transparent conductive film Is provided on the hole 
injecting layer 46. In the case of this embodiment, since 
light generated in the light emitting layer 45 is radiated 
to an upper surface side (to the upper side of the TFT), 
the anode must be translucent. As the transparent con- 
ductive film, a compound of indium oxide and tin oxide 
or a compound of Indium oxide and zinc oxide can be 
used. However, since the film Is fomried after the light 
emitting layer and the hole Injecting layer having low 
heat resistance is fonned, it is preferable that film for- 
mation can be made at the lowest possible temperature. 
[0167] At the point when the anode 47 has been 
formed, an EL element 4505 is completed. Incidentally, 
the EL element 4505 here Indicates a capacitor formed 
of the pixel electrode (cathode) 43, the light emitting lay- 
er 46, the hole injecting layer 46 and the anode 47. As 
shown In FIG. 1 9A, since the pbcel electrode 43 is almost 
coincident with the area of the pixel, the whole pixel 
functions as the EL element. Thus, use efficiency of light 
emission Is veiy high, and bright image display becomes 
possible. 

[0168] In this embodiment, a second passivation film 
48 is further provided on the anode 47. As the second 
passivation film 48, a silicon nitride film or a silicon ni- 



tride oxide film is desirable. This object is to Insulate the 
EL element from the outside, and has both the meaning 
of preventing deterioration due to oxidation of the organ- 
fc EL material and the meaning of suppressing degas- 

5 sing from the organic EL material. By doing this, the re- 
liability of the EL display device is improved. 
[0169] As described above, the EL display device in- 
cludes the pixel portion made of the pixel of ttie structure 
as shown In FIG. 18, and includes the switching TFT 

10 having a sufficiently low off cun-ent value and the current 
controlling TFT resistant to hot carrier injection. Thus, it 
is possible to obtain the EL display panel wrhich has high 
reliability and can make excellent image display. 

IS [Embodiment 9] 

[0170] In this embodiment, a description will be made 
on a structure in which the structure of the EL element 
4505 is inverted in the pixel portion shown In Embodi- 

20 ment 8. FIG. 20 Is used for the description . Incidentally, 
points different from the structure of FIG. 18 are only a 
portion of an EL element and a cun^ent controlling TFT, 
the other explanation is omitted. 
[0171] In FIG. 20, a current controlling TFT 4503 is 

25 formed by using a p-channel TFT formed by a known 
method. 

[0172] In this embodiment, a transparent conductive 
film is used as a pixel electrode (anode) 50. Specifically, 
a conductive film made of a compound of indium oxide 
30 and zinc oxide is used. Of course, a conductive film 
made of a compound of Indium oxide and tin oxide may 
be used. 

[0173] After banks 51a and 51b made of Insulating 
films are formed, a light emitting layer 52 made of poty- 

35 vlnylcarisazole is fonned by solution application. Ah 
electron injecting layer 53 made of potassium acetylac- 
etonate (expressed as acacK), and a cathode 54 made 
of aluminum alloy are formed thereon. In this case, the 
cathode 54 functions also as a passivation film. In this 

40 way, an EL element 4701 Is formed. 

[01 74] in the case of ttiis embodiment, light generated 
in the light emitting layer 52 is radiated to the substrate 
on which TFTs are fonned as indicated by an anrow . 

45 [Embodiment 10] 

[0175] In this embodiment, an example of a case 
where a pixel is made to have a stmcture different from 
the circuit diagram shown in FIG. 1 9B will be described 

50 with reference to FIGs. 21 A to 21 C. In ttils embodiment, 
reference numeral 4801 designates a source wiring 
(signal line) of a switching TFT 4802; 4803 designates 
a gate wiring (scan line) of the switching TFT 4802; 4804 
designates a cun-ent controlling TFT: 4805 designates 

55 a storage capacitor; 4806 and 4808 designate power 
supply lines; and 4807 designates an EL element. 
[0176] FIG. 21 A shows an example in whtoh the pow- 
er supply line 4806 is made common between two plx- 
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els. That Is, it is characterized In that the two pixels are 
formed to become axisymmetric with respect to the pow- 
er supply line 4806, In this case, since the number of 
power supply lines can be decreased, the pixel portion 
can be made further fine. 

[0177] FIG. 21 B shows an example in which the pow- 
er supply line 4808 is provided In parallel with the gate 
wiring (scan line) 4803. Incidentally, although FIG. 21 B 
shows the structure in which the power supply line 4808 
does not overiap with the gate wiring (scan line) 4803, 
If both are wirings fomied in different layers, they can 
be provided so that they overiap with each other th rough 
an insulating film. In this case, since an occupied area 
can be made common to the power supply 4808 and the 
gate wiring (scan line) 4803, the pixel portion can be 
further made fine. 

[01781 The structure of FIG. 21 C is characterized in 
that the power supply line 4808 is provided in parallel 
with the gate wiring (scan line) 4803 similarly to the 
structure of FIG. 21 B, and further, two pixels arefomrted 
so that they become axisymmetric with respect to the 
power supply line 4808. Besides, It Is also effective to 
provide the power supply line 4808 In such a manner 
that it overtaps with either one of the gate wiring (scan 
line) 4803. In this case, since the number of power sup- 
ply lines can be decreased, the pixel portion can be 
made further fine. 

[Embodiment 11] 

[0179] Although FIGs. 1 9A and 1 9B of Embodiment 8 
show the structure In which the storage capacitor 4504 
is provided to hold the voltage applied to the gate of the 
current controlling TFT 4603, the storage capacitor 
4504 can also be omitted. In the case of Embodiment 
8, the LDD region is provided at the drain side of the 
current controlling TFT 4503 so as to overiap with the 
gate electrode through the gate insulating film. Although 
a parasitic capacitance generally called a gate capaci- 
tance is fomied in this overiapping region, this embodi- 
ment is characterized in that this parasitic capacitance 
is positively used Instead of the storage capacitor 4504. 
[0180] Since the capacity of this parasitic capacitance 
is changed by the overiapping area of the gate electrode 
and the LDD region, it is detennined by the length of the 
LDD region contained In the overiapping region. 
[01 81 ] Also in the structures shown in FIGs. 21 A, 21 B 
and 21 C of Embodiment 1 0. the storage capacitor 4805 
can be simllariy omitted. 

[Embodiment 12] 

[0182] in the present embodiment, a description will 
be given on an electronic equipment incorporating an 
image display device of the present invention. Following 
can be given as such an electronic equipment: portable 
information temiinals (such as electronic books, mobile 
computers, and portable telephones); video cameras; 



steel cameras; personal computers; and TV. Examples 
of those are shown In FIGs. 22 to 24. Note that FIGs. 
22, 23 and 24 show an active matrix liquid crystal display 
device of the image display devices and FIGs. 22 and 
5 23 show an EL display device of the Image display de- 
vices. 

[01 83] FIG. 22A is a portable telephone, and is com- 
posed of a main body 9001 , a voice output portion 9002, 
a voice input portion 9003, a display portion 9004, op- 
10 eration switches 9005, and an antenna 9006. The 
present invention can be applied to the display portion 
9004. 

[0184] FIG, 22B is a video camera, and is composed 
of a main body 9101, a display portion 9102, a voice 

15 input section 9103, operation switches 9104. a battery 
91 05 and an image receiving section 91 06. The present 
invention can be applied to the display portion 9102. 
[0185] FIG. 22C is a mobile computer or a portable 
type inf omnation terminal which is one of personal com- 

20 puters, and is composed of a main body 9201 . a camera 
portion 9202, an image receiving portion 9203, opera- 
tion switches 9204, and a display portion 9205. The 
present invention can be applied to the display portion 
9205. 

25 [0186] FIG. 22D Is a head mount display (a goggle 
type display), and is composed of a main body 9301 , a 
display portion 9302, and an arm portion 9303. The 
present Invention can be applied to the display portion 
9302. 

30 [01 87] FIG. 22E Is a television, and is composed of a 
main body 9401 . speakers 9402, a display portion 9403, 
a receiving devk:e 9404, and an amplifteation device 
9405. The present invention can be applied to the dis- 
play portion 9403. 

35 [0188] FIG. 22F is a portable electronic book, and is 
composed of a main body 9501 , a display portion 9502, 
a memory medium 9504, an operation switch 9505 and 
an antenna 9506: The book Is used to display data 
stored In a mini-disk (MD) or a CVD (Digital Versatile 

40 Disk) , or a data received with the antenna. The present 
invention can be applied to the display portion 9502. 
[0189] FIG. 23A Is a personal computer, and is com- 
posed of a main body 9601 , an Image Inputting portion 
9602, a display portion 9603 and a keyboard 9604. The 

45 present invention can be applied to the display portion 
9603. 

[01 90] FIG. 23B is a player that employs a recording 
medium In whteh programs are recorded (hereinafter, 
called as a recording medium), and is composed of a 

50 main body 9701 , a display portion 9702, a speaker por- 
tion 9703, a recording medium 9704, and an operation 
switch 9705. Note that this player uses a CVD (Digital 
Versatile Disc), CD and the like as the recording medium 
to appreciate music and films, play games, and connect 

55 to the internet. The present Invention can be applied to 
the display portion 9702. 

[0191] FIG. 23C is a digital camera comprising a main 
body 9801 , a display portion 9802, an eye piece 9803, 
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operation switches 9804, and an image receiving por- 
tion (not shown). The present invention can be applied 
to the display portion 9802. 

[0192J FIG. 23D Is a one-eyed head mount display 
comprising a display portion 9901 . and a head mount s 
portion 9902. Tlie present invention can be applied to 
the display portion 9901 . 

[0193] FIG. 24A Is a front-type projector comprising a 
projection device 3601 . and a screen 3602. 
[0194] FIG. 24B Is a rear-type projector comprising a io 
main body 3701, a projection device 3702, a min-or 
3703, and a screen 3704. 

[0195] Note that FIG. 24C is a diagram showing an 
example of the structure of the projection devices 3601 
and 3702 in FIGS. 24A and 24B. The projection devices « 
3601 and 3702 comprise a light source optical system 
3801, mirrors 3802, 3804 to 3806. a dichroic min-or 
3803, a prism 3807, a liquid crystal display portion 3808, 
a phase difference plate 3809, and a projection optical 
system 3810. The projection optical system 3810 Is 20 
composed of an optical system Including a^ projection 
lens. While this embodiment shows an example of a 
three plate type projection device, a single plate type 
projection device can also be used. Further, In the light 
path indicated by an an^w in FIG. 24C, an optical sys- 25 
tem such as an optical lens, a film having a polarization 
function, a film for adjusting a phase difference, and an 
IRfilm may be suitably provided by an operator who car- 
ries out the invention. The present invention can be ap- 
plied to the liquid crystal display portion 3808. so 
[0196] Further, FIG. 24D is a diagram showing an ex- 
ample ofthe structure ofthe light source optical system 
3801 In FIG. 24C. In this embodiment, the light source 
optical system 3801 comprises a reflector 3811 , a light 
source 381 2, lens an-ays 3813 and 3814, a polarization 35 
conversion element 3815, and a condenser lens 3816. 
Note that the light source optical system shown in FIG. 
240 Is merely an example, and is not particulariy limited 
thereto. For example, an operator who carries out the 
invention is allowed to suitably add an optical system 40 
such as an optical lens, a film having a polarization func- 
tion, a film for adjusting a phase difference, and an IR 
film to the light source optical system. 
[0197] The applicable range of the present Invention 
is thus extremely wide, and It Is possible to apply the ^5 
present invention to electronic equipments using an im- 
age display device In all fields. 
[0198] The driver circuit of the Image display device 
according to the present Invention can greatly reduce 
the area of the signal line driver circuit. Is effective for so 
miniaturization of the Image display device, reduces the 
resistance and capacitance parasitic to the wiring of the 
digital picture signal, and increases the operation mar- 
gin of the driver circuit. These are effective in the cost 
reduction of the image display device and the improve- ss 
ment of the yield thereof. 



Claims 

1 . An Image display device, comprising: 

a pixel array portion including k (k Is an integer 
not less than 2) signal lines, a plurality of scan 
lines, a plurality of pixel electrodes provided at 
respective regions where the respective signal 
lines and the respective scan lines Intersect 
with each other, and a plurality of switching el- 
ements for driving the plurality of pixel elec- 
trodes; 

a signal line driver circuit for driving the k signal 
lines: and 

a scan line driver circuit for driving the plurality 
of scan lines, 

wherein the signal line driver circuit includes 
shift registers to which m-bit (m is a natural 
number) digital ptoture signals are Inputted, the 
nunnber of the shift registers being m or a mul- 
tiple of m, m X k/n (n is an integer of not less 
than 2) storage circuits for storing output sig- 
nals of the shift registers, a plurality of D/A con- 
verter circuits for converting output signals of 
the storage circuits into anak>g signals, and W 
n signal line selecting circuits for transmitting 
output signals of the D/A converter circuits to 
the corresponding signal lines. 

2. A devtoe according to claim 1 , wherein the number 
of the D/A converter circuits is k/n. 

3. A device according to claim 1 , wherein the D/A con- 
verter circuit is a lamp type D/A converter circuit. 

4. A device according to claim 1 , wherein the storage 
circuit is a latch circuit. 

5. A device according to claim 4, wherein the latch cir- 
cuit includes an analog switch and a holding capac- 
itance. 

6. A device according to claim 4, wherein the latch cir- 
cuit Includes a clocked inverter. 

7. A device according to claim 4, wherein the latch cir- 
cuit includes an analog switch and a plurality of in- 
verters. 

8. A device according to claim 1 , wherein a display is 
canled out using a liquid crystal material. 

9. A device according to claim 1 , wherein a display Is 
carried out using an electroluminescence (EL) ma- 
terial. 

10. A portable telephone, which uses the Image display 
device according to claim 1 . 
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11. A video camera, which uses the image display de- 
vice according to claim 1 . 

12. A personal computer, which uses the Image display 
device according to claim 1 . 

13. A head mount display, which uses the Image display 
device according to claim 1 . 

14. A television, which uses the Image display device 
according to daim 1. 

15. A portable book, which uses the image display de- 
vice according to claim 1 . 

16. A CVD player, which uses the image display device 
according to daim 1. 

17. A digital camera, which uses the image display de- 
vice according to daim 1 . 

18. A projector, which uses the Image display device 
according to dalm1. 

19. An image display device, comprising: 

a pixel array portion including a plurality of sig- 
nal lines, a plurality of scan lines, a plurality of 
pixel electrodes provided at respective regions 
where the respective signal lines and the re- 
spective scan lines intersect with each other, 
and a plurality of switching elements for driving 
the plurality of pixel electrodes; 
a signal line driver drcuit for driving the plurality 
of signal lines; and 

a scan line driver circuit for driving the plurality 
of scan tines, 

wherein the signal line driver circuit Includes a 
plurality of shift registers to which multi-bit dig- 
ital picture signals are Inputted, a plurality of 
storage circuits for storing output signals of the 
shift registers, a plurality of D/A converter dr- 
cuits for converting output signals of the stor- 
age circuits into analog signals, and a plurality 
of signal line selecting circuits for transmitting 
output signals ofthe D/A converter circuits to 
the con^espondlng signal lines, and 
wherein an operation In which the digital picture 
signals are Inputted to the respective shift reg- 
isters, the Inputted digital picture signals are se- 
quentially shifted in the respective shift regis- 
ters until they are outputted to the con-espond- 
ing storage circuits, and the shifted digital pic- 
ture signals are taken into the storage circuits 
by a latch signal, is repeated n (n is an integer 
not less than 2) times in a time corresponding 
to one horizontal scan period. 
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20. A device according to claim 19, wherein the D/A 
converter circuit is a lamp type D/A converter circuit. 

21 . A device according to claim 1 9, wherein the storage 
5 circuit Is a latch circuit. 

22. A device according to claim 21 , wherein the latch 
circuit includes an analog switch and a holding ca- 
pacitance. 

10 

23. A device according to claim 21 , wherein the latch 
drcuit includes a clocked Inverter. 

24. A device according to claim 21 , wherein the latch 
15 circuit Includes an analog switch and a plurality of 

inverters. 

25. A devk^e according to claim 19, wherein a display 
Is canied out using a liquid crystal material. 

20 

26. A device according to claim 19, wherein a display 
is canied out using an electroluminescence (EL) 
nraterial. 

25 27. A portable telephone, which uses the image display 
devk:e according to daim 19. 

28. A video camera, which uses the image display de- 
vice according to claim 19. 

30 

29. A personal computer, which uses the image display 
devtee according to claim 19. 

30. Ahead mount display, which uses the image display 
3S device according to claim 19. 

31. A television, whk:h uses the image display devtoe 
according to daim 19. 

40 32. A portable book, which uses the image display de- 
vbe according to claim 19. 

33. A CVD player, which uses the Image display devtoe 
according to claim 19. 

45 

34. A digital camera, which uses the Image display de- 
vice according to claim 19. 

35. A projector, whtoh uses the image display devk^e 
50 according to daim 1 9. 

36. An image display device, comprising: 

a pixel an'ay portion including k (k is a multiple 
55 of 3) signal lines having a unit of three signal 

lines con-espondlng to R (red). G (green) and 
B (blue) of three primary colors of light, a plu- 
rality of scan lines, a plurality of pixel electrodes 
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provided at respective regions where the re- 
spective signal lines and the respective scan 
lines Intersect with each other, and a plurality 
of switching elennents for driving the plurality of 
pixel electrodes; 

a signal line driver circuit for driving the k signal 
lines: and 

a scan line driver circuit for driving the plurality 
of scan lines, 

wherein the signal line driver circuit includes 
shift registers to which nn-bit (m is a natural 
number) digital picture signals are Inputted re- 
spectively for the RGB, the number of the shift 
registers being m or a multiple of m, m x k/n (n 
is a mu ttiple of 3) storage circuits for storing out- 
put signals of the shift registers, a plurality of D/ 
A converter circuits for converting output sig- 
nals of the storage circuits into analog signals, 
and k/n signal line selecting circuits for trans- 
mitting output signals of the D/A converter cir- 
cuits to the corresponding signal lines. 

37. A device according to claim 36, wherein the number 
of the D/A converter circuits is k/n. 

38. A devbe according to claim 36, wherein the D/A 
converter circuit is a lamp type D/A converter circuit. 

39. A device according to claim 36, wherein the storage 
circuit is a latch circuit. 

40. A devtee according to claim 39, wherein the latch 
circuit includes an analog switch and a holding ca- 
pacitance. 

41. A device according to claim 39, wherein the latch 
circuit Includes a clocked inverter. 

42. A devbe according to claim 39, wherein the latch 
circuit includes an analog switch and a plurality of 
inverters. 

43. A device according to claim 36, wherein a display 
is carried out using a liquid crystal material. 

44. A device according to claim 36, wherein a display 
is carried out using an electroluminescence (EL) 
material. 

45. A portable telephone, which uses the image display 
device according to claim 36. 

46. A video camera, whteh uses the Image display de- 
vice according to claim 36. 

47. A personal computer, which uses the image display 
device according to claim 36. 



40 

48. A head mount display, which uses the Image display 
devk» according to claim 36. 

49. A television, which uses the Image display device 
5 according to claim 36. 

50. A portable book, which uses the image display de- 
vice according to claim 36. 

10 51. A CVD player, which uses the Image display device 

according to claim 36. 

52. A digital camera, which uses the image display de- 
vtoe according to claim 36. 

15 

53. A projector, which uses the Image display device 
according to claim 36. 



54. An Image display device, comprising: 

20 

a pixel array portion including signal lines hav- 
ing a unit of three signal lines corresponding to 
R (red), G (green) and B (blue) of three primary 
colors of light, the number of the signal lines 

25 being a multiple of 3, a plurality of scan lines, a 

plurality of pixel electrodes provided at respec- 
tive regions where the respective signal lines 
and the respective scan lines intersect with 
each other, and a plurality of switching ele- 

30 ments for driving the plurality of pixel elec- 

trodes; 

a signal line driver circuit for driving the signal 
lines, the number of which Is the multiple of 3; 
and 

35 a scan line driver circuit for driving the plurality 

of scan lines. 

wherein the signal line driver circuit includes a 
plurality of shift registers to which m-bit (m Is a 
natural number) digital picture signals are in- 

40 putted respectively for the RGB, a plurality of 

storage circuits for storing output signals of the 
shift registers, a plurality of D/A converter cir- 
cuits for converting output signals of the stor- 
age circuits into analog signals, and a plurality 

45 of signal line selecting circuits for transmitting 

output signals of the D/A converter circuits to 
the corresponding signal lines, 
one horizontal scan period includes a first, a 
second, and a third periods. 

so the digital pteture signals con^esponding to the 

R are inputted to the respective shift registers 
in the first period, 

the digital picture signals corresponding to the 
G are inputted to the respective shift registers 
55 in the second period, 

the digital picture signals corresponding to the 
B are inputted to the respective shift registers 
In the third period, and 
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in each of the three periods, an operation In 
which the inputted digital picture signals are se- 
quentially shifted in the respective shift regis- 
ters until they are outputted to the conrespond- 
Ing storage circuits, and the shifted digital pic- 
ture signals are talcen into the storage circuits 
by a latch signal, Is repeated once or plural 
times. 

55. A device according to claim 54, wherein the D/A 
converter circuit is a lamp type D/Aconvertercircult. 

56. A device according to claim 54, wherein the storage 
circuit is a latch circuit. 

57. A device according to claim 56, wherein the latch 
circuit includes an analog switch and a holding ca- 
pacitance. 

58. A device according to claim 56, wherein the latch 
circuit includes a clocked inverter. 

59. A device according to claim 56, wherein the latch 
circuit includes an analog switch and a plurality of 
Inverters. 

60. A device according to claim 54, wherein a display 
is canied out using a liquid crystal material. 

61. A device according to claim 54, wherein a display 
is canied out using an electroluminescence (EL) 
material. 

62. A portable telephone, which uses the image display 
device according to claim 54. 

63. A video camera, which uses the image display de- 
vice according to claim 54. 

64. A personal computer, which uses the image display 
device according to claim 54. 

65. A head mount display, which uses the Image display 
device according to claim 54. 

66. A television, which uses the image display device 
according to daim 54. 

67. A portable book, which uses the Image display de- 
vice according to claim 54. 

68. A CVD player, which uses the Image display device 
according to daim 54. 

69. A digital camera, which uses the Image display de- 
vice according to claim 54. 

70. A projector, which uses the Image display device 



according to claim 54. 

71 . A signal line driver circuit of an image display device 
for driving k (k is an integer not less than 2) signal 
5 lines, the signal line driver drcuit conr^rislng: 

shift registers to which m-bit (m is a natural 
number) digital picture signals are inputted, the 
number of the shift registers being m or a mui- 
10 tiple of m: 

m X k/n (n Is an integer of not less than 2) stor- 
age circuits for storing output signals of the shift 
registers; 

a plurality of D/A converter circuits for convert- 
15 ing outputsignals of the storage circuits intoan- 

alog signals; and 

k/n signal line selecting circuits for transmitting 
output signals of the D/A converter circuits to 
the corresponding signal lines. 

20 

" 72. A circuit according to claim 71 , wherein the number 
of the D/A converter circuits is k/n. 

73. A circuit according to claim 71 , wherein the D/A con- 
25 veiter drcuit is a lamp type D/A converter drcuit. 

74. A drcuit according to claim 71 , wherein the storage 
drcuit is a latch circuit. 

30 75. A drcuit according to daim 74, wherein the latch 
circuit includes an analog switch and a hoMing ca- 
pacitance. 

76. A circuit according to claim 74, wherein the latch 
35 circuit includes a clocked inverter. 

77. A circuit according to claim 74, wherein the latch 
drcuit Includes an analog switch and a plurality of 
inverters. 

40 

78. A circuit according to claim 71 , wherein the driver 
circuit of the image display devfce is formed of a 
polysilicon thin film transistor. 

45 79. A circuit according to daim 71 , wherein the driver 
circuit of the image display devtee is fomned of a 
single crystal transistor. 

80. Asignal line driverdrcuit of an image display device 
50 for driving a plurality of signal lines, the signal line 
driver drcuit comprising: 



a plurality of shift registers to which multi-bit 
digital picture signals are inputted; 

a plurality of storage circuits for storing output 
signals of the shift registers; 
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a plurality of D/A converter circuits for convert- 
ing output signals of the storage circuits into an- 
alog signals; and 

a plurality of signal line selecting circuits for s 
transmitting output signals of the D/A converter 
circuits to the con^espondlng signal lines, 

wherein an operation in which the digital picture 
signals are inputted to the respective shift reg- 
Isters, the Inputted digital picture signals are se- 
quentially shifted in the respective shift regis- 
ters until they are outputted to the con-espond- 
ing storage circuits, and the shifted digital pic- 
ture signals are taken into the storage circuits is 
by a latch signal, is repeated n (n is an integer 
not less than 2) times in a time con^esponding 
to one horizontal scan period. 

81 . A circuit according to claim 80, wherein the D/A con- ^ 
verter circuit is a lamp type D/A converter circuit. 

82. A circuit according to claim 80, wherein the storage 
circuit is a latch circuit 

2S 

83. A circuit according to claim 82, wherein the latch 
circuit includes an analog switch and a holding ca- 
pacitance. 

84. A circuit according to claim 82, wherein the latch 30 
circuit includes a clocked Inverter. 

85. A circuit according to claim 82, wherein the latch 
circuit includes an analog switch and a plurality of 
inverters. ^ 

86. A circuit according to claim 80, wherein the driver 
circuit of the image display device is fonned of a 
polysiricon thin film transistor. 

40 

87. A circuit according to claim 80, wherein the driver 
circuit of the image display device is fonned of a 
single crystal transistor. 

88. A signal line driver circuit of an image display device ^ 
for driving signal lines having a unit of three signal 
lines corresponding to R (red), G (green) and B 
(blue) of three primary colors of light, the number of 
the signal lines being a multiple of 3. the signal line 
driver circuit comprising: 

shift registers to which m-bit (m is a natural 
number) digital picture signals are inputted re- 
spectively for the RGB. the number of the shift 
registers being m or a multiple of m; ^ 
m X k/n (n is a multiple of 3) storage circuits for 
storing output signals of the shift registers; 
a plurality of D/A converter circuits for convert- 



ing output signals of the storage circuits into an- 
alog signals; and 

k/n signal line selecting circuits for transmitting 
output signals of the D/A converter circuits to 
the corresponding signal lines. 

89. A circuit according to daim 88, wherein the number 
of the D/A converter circuits Is k/n. 

90. Adrcuit according to claim 88, wherein the D/A con- 
verter drcuit is a lamp type D/A converter drcuit. 

91 . A circuit according to daim 88, wherein the storage 
circuit is a latch circuit. 

92. A circuit according to claim 91 , wherein the latch 
circuit Includes an analog switch and a holding ca- 
pacitance. 

93. A circuit according to claim 91, wherein the latch 
circuit Includes a clocked inverter. 

94. A circuit according to claim 91 , wherein the latch 
drcuit includes an analog switch and a plurality of 
Inverters. 

95. A circuit according to claim 88, wherein the driver 
circuit ofthe image display device Is fonned of a 
polysilicpn thin film transistor. 

96. A circuit according to claim 88, wherein the driver 
circuit ofthe image display device is fonned of a sin- 
gle crystal transistor. 

97. A signal line driver drcuit of an image display devtee 
for driving signal lines having a unit of three signal 
lines con-esponding to R (red), G (green) and B 
(blue) of three priniary colors of light, the number of 
the signal lines being a multiple of 3, the signal line 
drWer circuit comprising: 

a plurality of shift registers to which m-bit (m is 
a natural number) digital picture signals are in- 
putted respectively for the RGB; 
a plurality of storage circuits for storing output 
signals of the shift registers; 
a plurality of D/A converter circuits for convert- 
ing output signals ofthe storage circuits into an- 
alog signals; and 

a plurality of signal line selecting circuits for 
transmitting output signals of the D/A converter 
circuits to the corresponding signal lines, 
wherein 

one horizontal scan period includes a first, a 
second, and a third periods, 
the digital picture signals corresponding to the 
R are inputted to the respective shift registers 
in the first period, 
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the digital picture signals corresponding to the 
G are inputted to the respective shift registers 
in the second period, 

the digital picture signals con-esponding to the 
B are inputted to the respec^ve shift registers s 
in the third period, and 

in each of the three periods, an operation in 
which the inputted digital picture signals are se- 
quentially shifted in the respective shift regis- 
ters until they are outputted to the con^espond- 10 
ing storage circuits, and the shifted digital pic- 
ture signals are taken into the storage circuits 
by a latch signal, is repeated once or plural 
times. 

15 

98. A circuit according to claim 97, wherein the D/A con- 
verter circuit is a lamp type D/A converter circuit. 

99. A circuit according to claim 97. wherein the storage 
circuit is a latch circuit. ^ 

100. A circuit according to claim 99, wherein the latch 
circuit Includes an analog switch and a holding ca- 
pacitance. 

25 

101 .A circuit according to claim 99, wherein the latch 
circuit Includes a clocked inverter. 

102. A circuit according to claim 99, wherein the latch 
circuit includes an analog switch and a plurality of 30 
Inverters. 

103. A circuit according to claim 97, wherein the driver 
circuit of the image display device is formed of a 
polysllicon thin film transistor. ^ 

104. A circuit according to claim 97, wherein the driver 
circuit of the image display device is formed of a 
single crystal transistor. 

40 
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